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EXPANDED FORTRAN IV PROGRAM FOR ELASTIC SCATTERING ANALYSES
by Margaret M. Smith and Charles C. Giamati

Lewis Research Center

SUMMARY

SCATLE is a FORTRAN IV program which uses the nuclear optical model to calcu-
late elastic scattering cross sections and polarizations. The version presented herein
was written for an IBM 7094 I1/7044 direct couple system at Lewis. This report des-
cribes program SCATLE and serves as a user's guide. SCATLE contains several op-
tions for calculating the central nuclear potential. Some options allow the real central,
imaginary central, and spin-orbit potentials to have independent parameters. The
parameters of the nuclear potential can be varied by a search option to improve the
agreement between calculated and experimental values of cross sections and polariza-
tions. Any one of the several chi-square functions calculated by SCATLE can be mini-
mized by the search option. Plots of cross sections and polarizations as a function of
scattering angle are furnished as part of the program output. Calculations of nuclear
phase shifts and triple scattering values are available. The input description includes a
listing of seven example input cases. Selected output from these examples is presented.

INTRODUCTION

Program SCATLE is the result of extensive revisions and additions made to the
program SCAT4 (ref. 1).

Both SCAT4 and SCATLE solve the Schrodinger wave equation, using a given scat-
tering energy and nuclear interaction potential. The solutions to the wave equation are
used to calculate scattering cross sections and polarizations as a function of scattering
angle. These calculated values are compared to experimentally measured values. A
chi-square function is evaluated to furnish a numerical basis for the comparison. The
calculated values depend on the chosen form of the nuclear interaction potential, which
is a function of several parameters. SCATLE contains an automatic search option which
minimizes chi-square by varying these parameters. SCATLE also provides an increased
number of options for choosing the nuclear interaction potential.



In SCAT4, a nuclear potential is defined by specifying real and imaginary strength
parameters (which represent the depths of the attractive potential wells) and real shape
parameters (which define the nuclear size and surface diffuseness). When a Woods-Saxon
form is used for the central potential, both the real and imaginary terms of the central
nuclear potential are functions of the same two shape parameters. When a Gaussian
form is chosen for the imaginary potential well, it is a function of two additional shape
parameters. The nuclear potential can also have a spin-orbit term which is multiplied
by real and imaginary strength parameters representing the depths of the spin-orbit
potential wells. The shape parameters for the spin-orbit term are those used for the
real central potential. These parameters can be incremented in uniform steps to pro-
vide a grid of points in the parameter space. Program SCAT4 then calculates scattering
cross sections, polarizations, and chi-squares at each grid point.

The program SCATLE is basically an extension of SCAT4. All the SCAT4 calcu-
lations are included in SCATLE, although some of them have been revised. Several new
calculations have been added, and some of the old calculations have been used in new
ways. For example, one section of SCATLE is a merger of the basic SCAT4 calculations
with a search program (ref. 2) from Argonne National Laboratory. SCATLE is arranged
so that the parameter values at each grid point are input to the search program. The
parameters are changed to give better agreement (in a least-squares sense) between cal-
culated and experimental values for cross section and polarization. This process con-
tinues until a local minimum of the chi-square function is reached.

New options are also available for calculating the central-nuclear-potential form
factors. The real central potential is always of the Woods-Saxon form, but can have
different parameters than the imaginary potential (the decoupled case). The imaginary
term may be a derivative of Woods-Saxon form, a Gaussian plus Woods-Saxon form, or
a derivative of Woods-Saxon plus Woods-Saxon form.

SCATLE also has options to calculate phase shifts and triple scattering parameters.
Additional output is available in printed and plotted forms.

The primary purpose of this report is to document SCATLE. The sections of this
report which describes data preparation and available options will serve as a user's
guide. The SCATLE calculations, input, and output are explained in detail. Some cal-
culations are essentially unchanged from the original SCAT4 calculations. In these
cases, the appropriate references will be made to the UCLA report (ref. 1).

MATHEMATICAL DESCRIPTION

The program SCATLE contains several calculations and options which are not
available in SCAT4. These are described in detail in the following sections. SCATLE



also contains calculations which are essentially the same as the corresponding ones in
SCAT4. Because those calculations are presented in reference 1, they are not discussed
in this report.

Nuclear Potential Options

The Schrodinger equation solved by SCATLE can be written as

42 _
V24 Vy(r) + Vy(r)S - L ¢ = Ey (1)

24

using the symbols of reference 1. (All symbols are defined in appendix A.) The inter-
actions represented in equation (1) by Vl(r) and Vz(r) can be rewritten as
+V

v, (r) +V2(r)§-f=VCN+V 1+ V

cou SO coul, SO (2)

where VCN is the nuclear central potential, Vcoul is the coulomb potential, Vso is the
nuclear spin-orbit potential, and V coul, SO is the coulomb spin-orbit potential.

Although equation (1) is expressed in terms of the variable r, it is convenient to
represent the potentials in terms of the dimensionless variable p where

p = kr (3)

The wave number k is given by

k=_/2ME - 0.218739 /iE fm"! (4)
]/ 2
K

The constant factor in equation (4) is slightly different from the constant factor in equa-
tion (8) of reference 1. A similar difference occurs in the definition of the coulomb
parameter 7, where

[} 2 m.
w(@Ze” _ . 157481 77" i

h2k EyAB

n= (5)

corresponds to equation (43) of reference 1. The constants used in equations (4) and (5)



were computed using values of the fundamental constants i and e from reference 3.
The reduced mass pu is given by
m, - mb

p=—2t 0 (6)

Options for computing spin-orbit potential. - The standard form for the spin-orbit
term in equation (2) uses the strength parameters VS and WS, and the shape param-
eters AS and RS. The spin-orbit scattering potential VSO is then given by

[ r 7)
2 JK¥ a| -vs-i-ws o
Ve = K29 \S . L KL(1) £ 2 (7
0 53 1% @
MZc P - Pg
T 1+ exp
k- aS
. - =D
where
3
pg =k RS- (mp)/ (8)

In equation (8), my, represents the mass number of the target nucleus. When the square-
well form is chosen for the real central potential, VS and WS must be set to zero
(KL(1) = 2).

There are also several special options available for computing VSO' These are
described on pages 20 through 24 of reference 1 as form A and form B. They are ob-
tained by setting KL(9) # 0 or KL(10) # 0. SCATLE provides an option for introducing
a space-exchange form for the real spin-orbit potential. In that option, VS is the
strength of the real spin-orbit term when the angular momentum number { is an even
number, and VSODD is the strength when [ is odd (KX(6) = 1).

Options for computing central nuclear potential. - SCATLE contains several options
for computing the central nuclear potential which is represented as Vopn in equation (2);
VCN can be expressed as a function of p by

Ven® = Ven,a* 1 Ven, s 9

where VCN ® is the real part of VCN and VCN Y is the imaginary part.
b b
There are two primary options for computing the real central potential VCN ® in
b



SCATLE. Both options use a Woods-Saxon form with strength parameter VO. The first
option uses the shape parameters AS and RS, which are identical to those in the spin-
orbit term (coupled spin-orbit case). Then VCN ® is given by

H

Ve, q = -VO 1 KX(7) = 1 (10)
p - ps

k-as

1+ exp

This option is also available in SCAT4. The second option uses the shape parameters
AO and RO. These are independent of the shape parameters in the spin-orbit term
(decoupled spin-orbit case). Then Von e is given by

b4

1

VCN,(R= -Vo oo KX(7) =2 (11)
1+ exp Y
k- aq
where
Po =k RO - (m)!/3 (12)

SCATLE contains five primary options for computing the imaginary part of the
central potential VCN s

(1) Standard Woods-Saxon

Ven,s= WI — KL(1) = 0 (13)
1+ exp S
k- ag
(2) Gaussian absorption
P -pPy 2 KL(1) =1
Ven, s = -WI- exp| - ’ (14)
) k- aj KX(1) =0

where



1/3
py=k- RI- (my) (15)

(Options (1) and (2) are also available in SCAT4.)

(3) Derivative of Woods-Saxon

p - pI
4 - exp
VCN,J = -WI, 31 ' KL(1) = 1, (16)
b - 2 KX(1) = 1
1 + exp
i
(4) Gaussian plus Woods-Saxon
2
v - Wi exp| [ WVI 1 KL(1) = 1
CN,s = "Wl €Xp[- - — ) =1,
k- 2 P - Py KX(1) = 2
1+exp|—Mm8mM =——— -
0.69 k - 2y
(17)
(5) Derivative of Woods-Saxon plus Woods-Saxon
p - pI
4 - exp
k .
Von.g = -WI 1w 1 KL(1) = 1,
’ 2 p-p -
1 p"pI 1+exp I IQ((I)—3
+ exp K -
k- ay |
(18)

There are 10 ways to combine the two primary options for VCN ® and the five
primary options for VCN P to calculate VCN(p) by equation (9). Table I shows how
these combinations are formed and lists the parameters used for VCN ® VCN P and

H b

VSO'



TABLE I. - SHAPE PARAMETERS FOR REAL CENTRAL
NUCLEAR, IMAGINARY CENTRAL NUCLEAR, AND

SPIN-ORBIT POTENTIALS

Real central Imaginary central Spin-orbit
nuclear potential, nuclear potential, potential,
Ven, @ Ven,s Vso

Shape parameters

AS, RS (eq. (10)) | AS, RS (eq. (13)) AS, RS

AS, RS (eq. (10)) | AI, RI (eqs. (14), (16), (17), (18))| AS, RS

AO, RO (eq. (11))| AS, RS (eq. (13)) AS, RS

AO, RO (eq. (11))] AI, RI (egs. (14), (18), (1T), (18))| As, RS

The square well form of VCN is given by

VCN,(R = VCN,J =1 for p = Py (19a)
and KL(1) =2
Ven,&= Ven,p =0 for P >0g (19b)

There are several options available which vary the shape of the Woods-Saxon form
of VCN by including a dip or bump at the origin, or by varying the shape of the knee or
tail of the potential curve. These options are described on pages 18 through 20 of ref-
erence 1 as form A and form B. They are obtained by setting KL(7) # 0 or KL(8) # 0.

Grid and Search Procedures

The nuclear potential calculations depend on the following 12 parameters: VS, WS,
AS, RS, VO, AO, RO, WI, WVI, Al, RI, and VSODD. Determining good values for
these parameters requires three steps. The first step is to make initial guesses for the
parameters. The next step is to vary the parameters in some systematic manner. The
final step is to compare the results of calculations which are based on different sets of
parameter values.

In SCATLE, the initial guesses are the input values of the parameters. The calcu-
lations are compared on the basis of a chi-square function associated with each set of
parameter values. This chi-square function measures the deviation (in a least-squares
sense) of the calculated values from the experimental values for cross section and po-



larization. There are several variations for calculating the chi-square function. These
are described in a later section.

SCATLE provides three options for the systematic variation of the parameters. The
grid option (KT(1) = 2) calculates results at several predetermined sets of parameter
values. The search option (KT (1) = 4) begins from a single set of parameter values and
automatically varies these parameters to give successively smaller values of chi-square.
Each parameter set in the grid option can also be used as the starting point for a search
(KT(1) = 3).

Each set of parameter values can be considered as defining a point in an n-
dimensional parameter space. The points used in the grid option are defined as grid
points. The initial grid point consists of the input values of the 12 parameters listed
previously. Each parameter selected for the grid variation is then incremented for a
specified number of uniform steps. The remaining grid points are then formed by taking
all possible combinations of the generated parameter values. Cross sections and polar-
izations are calculated at each grid point. Chi-square functions are then calculated and
written out at each grid point, along with the parameter values. The variable names of
the grid increments and of the number of grid steps corresponding to each parameter
are found in table IV. (Tables II through V are grouped at the end of the section Input
requirements.)

SCATLE contains an automatic search option which utilizes the subroutines des-
cribed in reference 2. For any given search, the parameters to be varied are defined
as search parameters. These n search parameters can be any selected subset of the
12 parameters listed previously. Each search begins from the point in the n-dimensional
parameter space which is defined by the input values of the search parameters. A spec-
ified chi-square function is then calculated at this point. The partial derivatives of the
chi-square function with respect to each of the search parameters are also calculated,
and they define the gradient of the function at this point. Increments for the search pa-
rameters are then calculated by using the gradient and a matrix (H-matrix) which is used
as a metric in the parameter space. The search parameters are varied simultaneously
and in such a way that the next iteration produces a smaller chi-square value. These
calculations are repeated until a local minimum of the chi-square function is determined.

The number of iterations required to locate a minimum depends on how accurately
the H-matrix at each point describes the gradient at that point. A search converges
faster with a good approximation for the initial H-matrix than with a poor approximation.
There are three ways to set up the initial H-matrix in SCATLE. These options are des-
cribed in table III. A standard diagonal matrix can be constructed by using the elements
found in column 5 of table IV. Experience has shown that these values are appropriate.

The normal search output for each iteration includes the current values of the
search parameters, the partial derivatives of chi-square with respect to each of the




search parameters, and the value of the chi-square function to be minimized. At the
end of a search, the final H-matrix is written out and the final values of the search
parameters are used to generate the output for a SCATLE single case.

When the grid and search options are combined, each grid point becomes the starting
point for a search. The initial H-matrix for the first grid point is specified according
to the options described in table III. The initial H-matrix for any subsequent grid point
is set equal to the final H-matrix from the previous grid point. This procedure gen-
erally leads to a more rapid convergence than occurs when a standard or arbitrary initial
H-matrix is used.

Additional Calculations

The program SCATLE computes and outputs several quantities which were not com-
puted in SCAT4. This section presents a brief description of the mathematical expres-
sions for these calculations.

Double and triple scattering calculations. - The quantities GZ ® 5+’ P 52 @ Z s
772 , and nl are computed and written out in subroutine QOUTPT4. These quant1t1es are
also plotted in the subroutine PTETDL. The absorption coefficients nl and n are

expressed in terms of the imaginary parts of the complex phase shifts 5; and 62 by

n‘l" = exp( 26;‘ J> (20a)

n; = eXp < -2%, J> (20D)

The phase shifts are related to the complex coefficients C; and CZ by the following
equation (see eq. (57) of ref. 1):

Z @+ 1C; J_Zi exp[2i<52(ﬂ+ 1521)] -1 (21)

C’; and CZ' are related to the scattering amplitudes A(9) and B(6). The spin-
independent amplitude A(9) is given by

1N\ . -
A(9) = £,(0) + . z=zo exp (2i0)) [(z + 1) czf + zcl:lpl(cos 6) (22a)



The spin-dependent scattering amplitude is
0
B(6) = Z €xp (210 ( ;' Z)P%(cos 9) (22b)
k 5

Equation (22) appears as equation (60) in reference 1. The coulomb scattering amplitude
f c(6) appearing in equation (22a) is given by (see eq. (47) of ref. 1)

£,(0) = — 1 exp<-inIn [sinz <ﬂ>} + 2i0), (23)
2k sin? (9-) 2
2

The coulomb phase shift o, is defined by (see eq. (49) of ref. 1)
o,=arg T(Z+1 - in) (24)
Calculations and output for the triple scattering parameters R, 8, and -R' are

provided in subroutine TRIPS. The rotation angle 8 is defined in terms of the scattering
amplitudes, cross section, and polarization by

cos g = 1A0) % - |B@)|* (252)
9, J1/2
0(9)[1 - P (9)]

A(9)B*(9) - A*(9)B(6) (25b)

0(9)[1 ; pz(e)] 1z

sin 8 =

For an unpolarized incident beam, the cross section and polarization are given in terms
of the scattering amplitudes A(f) and B(9) as follows:

o(9) = |A(0) |% + |B(0) |2 (26)
B(o) = ATO)BE) + A(O)BY(O) 5 (27)
o(6)

The rotation parameter R is defined by

10



1/2
R= [1 - pz(e)] / cos(8 - 03 sp) (28)

The parameter -R', often denoted in the literature by the symbol A, is given as

1/2
R'= [1 - pz(e)] / sin(g - 67 4 ) (29)

The output from subroutine TRIPS includes a table of 6, tan 3, 8, 6L AB’ R, and -R'
values along with a plot of R and -R' as a function of 6.

The polarization P(9) is usually obtained from a double scattering experiment.
When the incident beam is unpolarized, the polarization P(6) of the scattered beam is
along the direction of the unit vector Hl of equation (30) and figure 1.

(30)

Consider a triple scattering experiment with a 100-percent-polarized beam of spin
1/2 particles. Let the polarization vector be normal to the incident beam in the plane of
scattering, as shown in figure 2.

P6)

i A S

Figure 2. - Polarization directions in triple scattering.

11



The rotation of polarization R can be defined as

R=§<§> - Ty (31)

where the direction of HZ is given by

(k1 X ko) X kg

— 32
| (kg x kg) X Ky (32

ﬁ2=

The direction of ng defines the sign convention used to define R, 3, and -R'.

Chi-square calculations. - The various chi-square functions computed in subroutine
CHISQ are presented in this section. The function minimized by the search subroutines
can be selected from any of the chi-square functions given by equations (33) and (34) or
by equations (37) through (42). (See explanation of KX(3) in table ITI.) The search sub-
routines will also minimize the sum x o * Xp over any one of the restricted angular
ranges. (See explanation of KX(12) in table III. )

The value of the chi-square deviation for the polarization is computed just as in

SCAT4 (eq. (139) of ref. 1)

th
X =D, X = E(6) - P76) (33
9 AP(g)

The total chi-square is (eq. (137) of ref. 1)

X2 =32+ (34)

where xg is computed from the cross-section calculations and data.

The absolute normalization of the experimental cross-section data is usually uncer-
tain. When fitting calculated cross sections, the experimental data can be normalized by
a constant N, as described in reference 4. The equation for x(?; then becomes

2

th
2 = Z x2(6) = 0 (6) - N - 0%%(0) (35)
0 N - Ac®%(p)

12



In SCATLE, there are three options for choosing the value of N. When KX(5) = 0,
N is set equal to 1 so that )((2r is computed just as in SCAT4. In this case, ¢°3(0) and
A0®*(0) are not normalized in the xg calculation. When KX(5) = 1, N is set equal to
the input variable XNORM. Finally, when KX(5) = 2, N is set equal to NE which is

given by
2

Z 0th(e)

Acx(6)

6 ]
ath(e)cex(e)

Z [Aoex(é?)] 2

0

(36)

NE=

In this case, N is recomputed for each set of ath(e) values and is such that the cor-
responding X(Z, value is as small as possible. The value of NE is always printed out
along with values of the various chi-square functions.

The coulomb cross section crtc%ul(e) can be used in place of Ac®¥(9) as the weight
factor in the xg calculation. This option requires KX(3) = 1. Then X(2, is given by

th
Xg _ o M6) - aX(6) 37
th 0)

o
coul

In addition, it is possible to compute a chi-square function over restricted angular
ranges. This is useful when trying to fit a particular portion of an experimental curve.
The ranges of angles are controlled by input controls KT(4) through KT(14) which cor-
respond to the indices NF, NR, N1, IN1, N2, IN2, N3, IN3, N4, IN4 as used in equa-
tions (38) through (42).

The computations using NF and NR are

2 XX 2

p= > 26 (382)
=
NF

G, 5=, %) (38b)
=1

13



X(-?’,M = xﬁ(ej) (392)
= D, 56y (30b)

Er= > e (402)

JMAX

2 2
BR= D, %) (40b)
j=NR+1

where J max is the index of the last angle of the set.
If welet K equall, 2, 3, and 4, the values of chi-square are computed for NK

and INK as follows:
9 NK+INK 9
XO', K~ E XO(QJ) (41a)
j=NK
5 NK+INK 5
XP, K~ _S_ XP(GJ') (41b)
j=NK

For K equal to 3 and 4, the following chi-squares can be computed:
2 _ L2 2
Xs,34=%Xg,3% X5, 4 (42a)

2 2 2
Xp,34 = Xp, 3+ Xp, 4 (42b)

Adjusted chi-square values are also calculated to furnish additional output. These

adjusted values are the chi-square functions just described divided by the factor JMAX -
NP, where JMAX is the number of experimental data points and NP is an input variable.

14
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E,a :

Effective potential calculations. - The effective potential for a given -value is com-
puted and plotted in subroutine PTFFRI. The effective potential VEFF is given by

v \
CN,& , ‘coul  2z+1) (43)

E E pZ

VEFF = -

The value of ! in equation (43) is equal to the input parameter KX(9). The effective
potential VEFF is plotted as a function of P for those values of P which lie in the
range

(g -k« 4; ) <P <(pg+k- g ) (44)

This plot then presents the detailed behavior of the effective potential near the nuclear
surface. The value of Z1i m in equation (44) is set internally to be an integer in the
interval [0, 8], which produces a suitable plotting range.

PROGRAM DESCRIPTION
General Program Organization

Each subroutine of the FORTPRAN program SCATLE is assigned a subroutine num -
ber, and each card is assigned a card number. The card numbers are punched in col-
umns 73 through 80 and appear in the FORTRAN listing at the end of this main section.
The first two digits of each card number are the corresponding subroutine number. In
this section of the report, the subroutine numbers are given in parentheses following
each subroutine name.

Subroutines essentially unchanged from SCAT4. - The calculations in the following
subroutines are essentially unchanged from SCAT4, although the common statements
have been completely revised and the subroutines have been rewritten in the FORTRAN IV
language:

SIGZRO (04) EXSGML (09)
FSUBC (05) CSUBL (16)

RHOTB (06) SGSGCP (18)
SKIP (07) SIGMAR (19)

15



91

Initialize random
number generator
CALL SAND

1
Initialize
NUMRUN =0
KTRL{13) = 1

3 |

Set up input data

CALL INPT4———PGNIN

No 1

Standard
return
?

Compute quantities not
dependent on nuclear
potential parameters
CALL SIGZRO
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to top of next page

NADL =1

NADR =1

NUMRUN = NUMRUN + 1
CALL SKIP

!

Check ppay and T ay
in nuclear po’tentialrn

No |

Standard

Yes

PGNCK—-; TeL

CALL POTICH————— COULFN

EXSGML

Skip to top
of next page

OF Lpax
increased
?

CALL SKIP

Beginning of calculations
1 dependent on nuclear
potential parameters

13

Grid +
search| Output SCATLE parameters
Skip to top of next page

CALL POUT
!

Store SCATLE parameters

Integrate radial equations
CALL INTCTR————' POTlCH*%EXSGML
COULFN

poeng—{ 11

|
/
II Reset
I KSTEP = KSAVE in TSER array
’ PGEN 4 H:I
|| RKINT oo gl
l INTCTR POT1CH~ EXOTJ(';-I;ANL
| __{im
| Enter search subroutines AB
CALL ARGN ———— g?g’af\;
| CHISQ_.{POUT
| STUFF‘{RAND SOUF
I IMATMPY
MATMPY TFl
I DRESS~SOUT PGNCK:
I POTICH EXSGML
l 7 i COULFN
Check p, and 1
/ - in nuclear potential PGNCK—-G?
| CALL POTICH————|
I COULFN
/ 1 No EXSGML
Standard
return
?
18 Yes
Compute nuclear potentials !
CALL PGEN4 -{
TF
Yes RKINT
TFL
PGNCK——{TF




LI

No I
Initialize N
KOUT = 0 | 0
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?
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Figure 3. - Flow chart of main routine CTRLA and overall program organization.



Subroutines modified from SCAT4. - The calculations in the following subroutines
have been modified from SCAT4:

CTRL4 (01) PGEN4 (12)
INPT4 (03) INTCTR (14)
POT1CH (08) RKINT (15)
COULFN (10)  AB (17)
OUTPT4 (11) CHISQ (20)

CTRL4 (01): The main routine CTRL4 controls the flow of the program. Since the
flow is different from that of SCAT4, a general flow chart is shown in figure 3.

INPT4(03): Subroutine INPT4 controls the data input and performs several initial
calculations. Standard values for the program controls and for other input variables are
set automatically in INPT4. These standard values can be overwritten by means of
input statements referring to NAMELIST statements. The SCATLE input is less com-
plicated and requires fewer data cards than the corresponding SCAT4 input. A detailed
description of the SCATLE input is contained in the next subsection.

POT1CH (08): The purpose of subroutine POT1CH is to make sure that lnax and
pmax are sufficiently large. The value of lmax must be large enough so that all the
partial waves sensibly affected by the nuclear potential are included in the computation.
The value of P nax determined by this subroutine must be so large that the non-coulomb
part of the potential is negligible at p = pm ax” The flow chart of POT1CH (fig. 4) out-
lines the details of the procedure for checking and increasing Zmax and P ax: The
quantities which are tested are expressed in terms of the variables TCR, TCI, TSR, and
TSI, where TCR and TCI are defined by

\4
TCR = - _CN& (45a)
E

v
TCI = - NS (45D)
E

Equation (6) can be rewritten as

Vso0 = Vso,8* 1" Vso,s (46)

where
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Compute:

RHOBN = TEMP=RS
RHOBNG = TEMP*R]
FKAYA = FKAY=AS
FKAYB = FKAY=AL
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?
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4
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Figure 4. - Flow chart of subroutine POT1CH.
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NADR =0
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2-k-SZ° exp

k. ag
V50,8~ V5 5
p -pS
1+ exp
k- ag
and
p 'pS
2.-k- SZ - exp
k. ag
Vso,s = WS — 5
p —ps
1+ exp
k- ag
and where SZ is given by
S;=1 when [§]=1
2
S;=-1-1 when [§]=-E
2

The variables TSR and TSI are defined by

V
TSR = - _50,%
E'Sl
Vv
TSI = - 50,
E-SZ

(47a)

(47b)

(48a)

(48Db)

(49a)

(49D)

COULFN (10): Subroutine COULFN has been modified from the SCAT4 version by

adding the calculations of the SCAT4 subroutine RMXINC. The table of p values is

now extended directly in subroutine COULFN when necessary.

OUTPT4 (11): Subroutine OUTPT4 includes the statements for SCATLE initial and

final output. This subroutine also includes the calculations for o ., &% 67 .,
L& L L&

6Z,J’

n;', and nl' defined by equations (20) and (21). OUTPT4 has been expanded from the
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SCAT4 version to include additional printouts and calculations. A detailed description
of output options is presented in the section Typical output listings.

PGEN4(12): The SCATLE version of subroutine PGEN4 is an extensive revision of
the SCAT4 subroutine. The SCAT4 version of PGEN4 computes values for the nuclear
potential at the beginning and middle of the integration mesh points. The SCATLE ver-
sion of PGEN4 contains the following revisions:

(1) The potential VCN can be computed using several new options as described in
the section Options for computing central nuclear potential.

(2) PGEN4 is now called directly by POT1CH and furnishes values for the potential
at 2= Zmax and p = pmax'

(3) The two separate computations of the potential at the beginning and middle of an
integration step interval have been combined in the coding.

(4) The computations for the knee and tail variations of the form factors as described
in reference 1 are now found in the function TF.

(5) PGEN4 contains the following entry points:

(a) The normal entry point at the beginning of PGEN4 is used for calculating the

nuclear potential at the beginning and middle of the integration mesh points.

(b) PGNCK is the entry point called by POT1CH.

(¢) PGNIN is an entry point called from INPT4. It provides for the input of data
used by function TF for the knee and tail variation calculations.

(d) PGNOUT is an entry point called from OUTPT4. It provides for the initial
output of the knee and tail variation parameters.

A flow chart of subroutine PGEN4 is shown in figure 5.

INTCTR (14): This subroutine controls the Runge-Kutta integration procedure. When
KX(6) = 1, the strength of the real spin-orbit term in the nuclear potential is VS if I is
an even integer and VSODD if [ is an odd integer.

RKINT (15): Subroutine RKINT carries out the numerical integration of the radial
wave equation. The integration is carried out by operating with two coupled differential
equations for the real and imaginary parts of the radial wave function. For convenience,
this set of two equations is solved for the case j=1+1/2 and j=1-1/2 atthe same
time. When VS = WS = 0, these two cases are identical. In order to speed up the in-
tegration procedure, RKINT calculates only one of these cases when VS = WS =0.

AB(17): Subroutine AB calculates the scattering coefficients A(6) and B(6). The
Legendre polynomials Pl(cos 0) and the associated Legendre polynomials P%(cos 9) are
also calculated in this subroutine. To economize on computer storage space, the quan-
tities Pl(cos 9) and Pll(cos §) are recomputed each time A(9) and B(9) are computed.

CHISQ (20): Subroutine CHISQ computes the chi-square functions and the normal-
jzation constant given in equations (33) through (42). During a grid case, this subroutine
provides for the output of the parameter and chi-square values.
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Standard entry point
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Figure 5. - Flow chart of subroutine PGEN4,



New subroutines. - The following subroutines were written for program SCATLE:

POUT(02) PTETDL(23)
TFX(13) PTSCAT(24)
PTFFRI(21) SOUI(26)
TRIPS(22) SCTBD(34)

POUT(02): Subroutine POUT outputs values of the nuclear potential parameters,
along with proper labels, during search and grid procedures.

TFX(13): Function TFX contains the calculations for the special variations of the
potential form factors referred to as knee and tail variations in reference 1.

PTFFRI(21): Subroutine PTFFRI is called only when KL(12) = 1. It computes and
plots the effective potential as a function of p near the nuclear surface. The potential
as given by equations (43) and (44) is calculated for a single given l-value. The form
factors for the real and imaginary parts of the central nuclear and spin-orbit potentials
are also plotted as a function of p. These form factors are the coefficients of -VO,
-WI, -WVI, -VS, and -WS in the equations for the nuclear potential. The spin-orbit
form factors are multiplied by the factor 4 - Pg before plotting, and all four form fac-
tors appear on a single plot.

TRIPS(22): Subroutine TRIPS is called when KX(11) # 0. When KX(11) equals 1 or 2,
the triple scattering parameters R, 3, and R' of equations (25), (28), and (29) are cal-
culated. The values of 6, tan 8, B, GLAB’ R, and -R' are then written out in table
form. Subroutine TRIPS also produces a plot of R and -R' as a function of 6. When
KX(11) = 2, a table of the quantities fc(Q) and [A(9) - fC(G)] is generated in polar form.
These quantities are given by equations (22a) and (23). A table of o, values as given
by equation (24) is also written out.

PTETDL(23): Subroutine PTETDL is called when KX(2) # 0 and KL(6) # 1. This
subroutine produces a plot of n'l" and 7, as a function of 7 (see eq. (20)). It also pro-
duces a plot of the quantities 632': . 6? ®-T ﬁ:lt @t 7> and 5? ®t 27 as a function of Z.
The real phase shifts 5’; ® are defined in equa?:ion (21). ’

PTSCAT(24): This subroutine produces plots of polarization and/or cross-section
data when KL(4) £ 0. When KL(4) = 1, a plot of P®*(6) and P™(6) as a function of 0 is
produced. A plot of ¢°%(g) and cth(e) as a function of 6 is produced when KL(4) =2. A
plot of N - 0%%(0) and o'(6) as a function of ¢ is also produced when the experimental
cross sections are normalized in equation (35) (KX(5) # 0 and KL(4) = 2). When KL(4) = 3,
the combined results of KL.(4) = 1 and KL(4) = 2 are produced.

SOUI{(26): Subroutine SOUI outputs and labels values of the search parameters and
their partial derivatives during a search. The value of the reaction cross section and
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the values of the normalization and chi-square functions given by equations (33) through
(42) are also written out. Subroutine SOUI contains two nonstandard entry points which
are labeled ENTRY SOUF and ENTRY SOUT.

SCTBD(34): Subroutine SCTBD is a BLOCK DATA subprogram. The convergence
limits €1s €9 €3> and €, are entered into COMMON block CONV in SCTBD. The
names of the SCATLE parameters are entered into COMMON block PARA.

Search subroutines. - The SCATLE search subroutines are unchanged from the
corresponding subroutines of reference 2 in the sense that the searching procedure is the
same. There are several new cutoff options which are controlled by the input variables
NMLR, NPCT, and PCT (table IlI). The SCATLE search subroutines are changed from
those of reference 2 in the sense that the input, output, and COMMON statements have
been modified.

ARGN(25): The SCATLE subroutine ARGN corresponds to the main program of ref-
erence 2, and controls the search procedure. The SCATLE search variables are input
in subroutine INPT4 by referring to NAMELIST SCHI. Table III contains a detailed
description of the search input.

The following subroutines are described in reference 2:

READY(27) DRESS(30)
AIM(28) STUFF(31)
FIRE(29) MATMPY(32)

FCN(33): Subroutine FCN is called by several search subroutines. It calculates the
value of the chi-square function to be minimized and its gradient, given a set of values
for the n search parameters. Let f 9 (Xl’ Xgs + + o Xn) be the chi-square function

designated by the controls KX(4) and KX(12) (see table III). The n components of the
gradient of f 9 are given by
X

af2 fz(xl,. .,Xj+Ax-,...,xn)-fz(xl,...,x.,...,xn)
G.=_X =X T X ...~ (50)

] . .
ax] AX j

for j=1 to j=n, where X1s X9y -+ ., X are the current values of the n search
parameters. The values of Ax. corresponding to each SCATLE parameter are found
in column 6 of table IV. The value of £ 9 (Xl’ Xgs « « o) xn) is the current value of the

function to be minimized by the search subroutines, and the gradient of this function is
defined by the n values of Gj’
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Program Operating Instructions

Machine specifications. - Program SCATLE is written in FORTRAN IV programming
language (version 13). It is currently being run at Lewis on an IBM 7094 II direct couple

system with 32 768 core storage locations. The monitor system is a modified version
of the IBM-distributed IBSYS Version 13. SCATLE utilizes several options which are
not part of the IBM monitor system. Table V includes descriptions of these options and
indicates where they are used in SCATLE.

Detailed description of required input. - The form of the data cards is specified by
either FORMAT statements or NAMELIST statements. There are nine sets of data
cards. Four sets are required for every case; the other five sets may be required de-
pending on the options chosen. The nine input sets are listed in table II. The card
number listed refers to the READ statement for that data set. The NAMELIST or
FORMAT for each set is listed in the column labeled Description.

Table II lists and describes all SCATLE input variables which appear in NAMELIST
statements. The standard input values also appear in table III. The glossary of
FORTRAN variables (appendix B) may also be helpful in interpreting the SCATLE input
variables.

Table IV lists the variable names of the grid increment and number of grid points
corresponding to each SCATLE parameter. The values of the corresponding elements
in the standard H-matrix are also tabulated. The values of Ax. in column 6 are those
used to calculate the partial derivatives of f , for the search subroutines (eq. (50)).

These values are internal and cannot be read in.

The dimension specifications of the FORTRAN variables impose three limitations
on the input values: JMAX must be less than or equal to 150; LMAXM must be less than
or equal to 50; the RHOIN and DRHOIN arrays cannot take on values which cause the
resulting RHO array to have more than 250 elements.

In general, the SCATLE user need input a NAMELIST variable only if he wants its
value to differ from the value already stored in the computer. The flow diagram of fig-
ure 6 shows how a set of input values for any given case is defined.
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Begin

No The input values from the
=1 previous case are already
stored in the computer.

Is this the first
case of the
data set

No

Was Ki(13) = 1 for
the previous

The standard values of
table I1I are stored in
the computer,

No

Is this a search

The values of input variables
with standard vaiues are
replaced with their standard
values (table II1).

The values of input variables

of NAMELIST SCHI with standard
values are replaced with their
standard values (table I11),

The required input cards are read
(table I1). Note that a NAMELIST
variable only needs to be input if l

its value is different from that
already stored in the computer.

Figure 6. - Schematic flow diagram showing how a set of input values is defined,

The data cards for a single case with standard controls and with no experimental
data are listed below. The potential is a Woods-Saxon real central potential, a Gaussian
imaginary central potential, and a derivative of Woods-Saxon spin-orbit potential.

STANJARKU PUTENTIAL CASE wilHCUT EXPERIMENTAL CATA

$KTK KL 2)=C %

SPEL FMI=1o(UT83)FrMB=2Te 97693 9yELAB=18.82 yZ71=143RC=1.254V0=609A5=,64RS5S=1.0,
NI=€CoAl=s9sRl=[e29VS=0, $

$RHL %

$15P UTH=5, 1L =5,THF=1175 $

Card 1 is the title card. Card 2 contains the nonstandard value KL(2) = 0 so that chi-
square values (meaningless here without experimental data) will not be computed. Card 3
and Card 4 contain the parameters describing the specific nucleus and interaction. The
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first four variables are the incident and target nucleus masses, laboratory energy, and
charge product. The coulomb charge radius parameter is denoted by RC; VO, AS, and
RS are parameters for the real central potential; WI, AI, and RI are parameters for
the imaginary central potential; and VS is the real spin-orbit potential strength. Card 5
must be read in, but since standard values are used for the integration data, the data
field is left klank. Card 6 contains values needed to generate the set of center-of-mass
angles at which cross sections and polarizations are calculated.

Input cards for typical data sets. - This section lists the input cards for six example
cases which compute resulis for scattering of 18. 82-MeV protons irom 288i. Data set 1
consists of the input cards for examples 1 and 2. The input cards for examples 3 through
6 have been combined to form data set 2. These two data sets illustrate the input re-

quirements described in the previous section.

Example 1 of data set 1 1is a six-parameter search case with search parameters VO,
WI, VS, AO, Al, and AS. The real central potential VCN,(R uses a Woods-Saxon form
factor, the imaginary central potential VCN, 4 uses a derivative of Woods-Saxon form
factor, and the spin-orbit potential contains only a real part.

Example 2 of data set 1 is a combination grid and search case which uses the same
options for VCN and VSo as example 1. The grid parameters are AO and AS; and
each grid point is the starting point for a four-parameter search on VO, WI, VS, and
Al

DATA SET 1
EXAMPLL 1 SILICUN 28 (P,P) E=18.82 >INGLE CASE SEAKCH

SKIR KL{4)=2y KX{L)=Ls KX{T)=2,y KT{L)=4, NP=103%

IPEL FMi=1.(ulE3, FMB=2T.97693, CLLAB=L8.82 4 ZL=14+s R(C=1.25,
VU=OCo' W].:b.y VOS5=6ey AU'—'-&, Al=-81 AS=.5. RO:I..OS' R[=1-2' RS=.955

$RHI LMAXM=15, NMAX=4, RHUIN(3)=5+4 15.+ UDRHCIN(2)=.1l, .2$
$S5CHL N=6y SRuH='Vu', 'wi®*, 'vS*', *al', *'Al*', '"AS'S

$TSP Lole=T, yMax=a4, JUPT=1i}%

5«18 «E7 +5 Lab7 +4 1.0 1.0 +30
1.77 Ze 35 +4 Z2e35 +3 1.0 t.0 +30
12 .55 Z€c3alo 262.31 1.0 1.0 +30
1v.53 13£C. 16 135.02 - 077 .020
18.12 813. 11 d7. 08 L.0 1.0 +30
¢cCall €49. 43 64.94 Leu Le0 +30
23430 1.0 laU +30 —e1d7 <045
2581 2C4.00 20441 1.0 1.0 +30
2i.Cs SC. 89 9. 09 ~e 2606 «020
3c.18 27.12 3.171 1.0 1.0 +30
388U 1.0 l.0 +30 —~e6117 .028
41 .33 Ye 41 0. 55 1.0 L.0 +30
4€ .46 10.11 l.01 «400 «039
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£l.58 <5+ 065 2ebi 1.0 L.0 +30
54.10 1.C l.0 +30 + 106l .021
6 .69 36,32 3. 63 L.0 1.0 +30
€l.19 Z7.42 3. 74 —.118 « 040
€687 idel4 3.21 1.0 LG +30
€5.40 1.C 1.6 +30 —+236 <022
11 .94 ¢3.C6 2431 1.0 1.0 +30
1€ .99 13. €3 l.30 ~ o404 « V49
82.03 7. 55 O. 76 1.0 L.0 +30
€4.50 1.0 leC +30 —.451 ~027
87 .06 4. 1738 Ue 48 1.0 1.0 +30
S2.Co 4454 0.45 ‘e 143 . 0306
57.C6 5.19 Ue 52 1.0 LU +30
§9.50 i.¢C le0 +30 « 580 .038
1C2.C3 5. &2 Ce 58 Le0 1.0 +30
1C6.99 €.C7 C.o01 « 610 V34
111.54 Y5ed4 0. 52 L.0 L.0 +30
114.40 L.C 1.0 +30 « 279 <028
lic.817 Ge3u C.43 1.0 L.0O +30
121.79 3.4Z Ue 34 «340 <040
126.¢9 ¢« E5 0.29 1.0 1.0 +30
126.10 1.C l.U +30 . 080 04D
131.58 266 0.27 l.0 1.0 +30
136.40 2e0Y Oe2 7 —» 034 «051
141 .33 2e EU Ue 2U 1.0 L.u +30
l43.¢80 l.u 1.0 +30 . 098 - 044
146 .18 Ze b4 G206 i.0 L.0 +>0
151.G3 Ze 91 029 «434% ~U39
£55.87 ce 65 Ue 27 « OB U «U50
16C. 171 Z2e b3 Ue 25 1.0 1.0 +30
1l€5.53 2e 55 Ce26 . 740 . 050
EXAMPLE 2 SILICUN 2o (P4P) bt=1lB.8c SEARCH WITH GRIU UN AU AND AS

$KTR nT(1)=2%

$PEL AU=.T7%

$GRI NAU=Zy UAU=.Ly NAD=Zy, UJAD=.UYH
$REI $

$SCHRI N=4y SKCH='VU', 'wl®', *V5*, 'Ai'$

28
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Example 3, the first case of data set 2, is a single case which uses the same options
for VCN and VSO

as examples 1 and 2. The values of the SCATLE parameters are
the values at the end of the search of example 1.
Example 4 is also a single case.

This case is exactly the same as example 3 except
that it uses the normalization NE in the calculation of Xi.

Example 5 is a grid case which uses the same computing options as example 3. The
grid points of this example bracket the point in the parameter space used as input for

example 3.

Example 6 is a single case where VCN | usesa Woods -Saxon form factor, VCN P
? b
uses a knee and tail variation form factor, and the spin-orbit potential contains only a

real part. Input values for the SCATLE parameters which yield reasonable chi-square
values were chosen.

Data set 1 ran on an IBM 7094 II direct couple system at Lewis with an execution

time of 11. 76 minutes.

EXAMPLE 3

$KTR Ki(a)==Z,

$PE] FMi=1.(0/83,
VU=5G.7d,y

KS=.G5%

$REL LMmaxm=15,

$TSP Loiu=T,

HYeld

71.717
L2 « 95
15.53
lbell2
clLaid
23430
et.tl
Zi.0L3
26 .18
38.80
44433
4€ .46
£l1.58
4410
5¢ .69
6le19
€681
€S .40
T1le94
1€ .59
8203
84 .50

The execution time for data set 2 was 0. 82 minute.

SILICUN 28 (P4P)

wl=6.299y V320217 AU=T04 2
NMAX=4y RHULN{3) =5+ LOe
JMAX=44, JUPT=1%
Le 57 +5 1.57 +4 1.0
Ze 2D t4 Ze3d +3 L.0
20c3. 16 2062437 1.0
130. 106 L3b. 02 - 077
d1e 117 87. 08 1.0
049.43 b4. 94 1.0
Le 1.0 #30 —. 187
ZC‘OQUU ZU.Ifl 1‘0
SUedy 9. 09 —. 2066
zlele 3.71 1.0
l.U l.O "'JU —0017
Se.al 0. 55 i« 0
10.11 101 «400
5. CY 2o bl L0
Le L L.0 +30 «lb6i
t6. 22 363 1.0
27. 42 3. 74 ~sil8
teela 3.21 1.0
1.0 1.0 +30 —e236
¢3.00 Ze 31 1.0
155 Ve 76 1.0
1.C 1.0 +30 —e4b1

KL{o)=2,

FMB=2T7e957693

I mme—E s w06

KL{L12)=1,

DATA SET 2
SINGLE CASE

E=lB.82
KXx{l)=1L,

ELASU=18.82,

KX{7)=2,

leU + 30
L0 +30
L.0 +30
02U
L0 +30
1.0 +30
« 025
L.0 +30
020
L0 +30
028
L.0 +30
«039
L.0 +30
.021
1.0 +30
. 040
1.0 +30
022
1.0 +30
. 049
L.0 +30
<027

NP=10%

2l=14«y RL=1.25,
Al=.8455,

AS=.51 34,

DRHUIN(2)=41y +2%

RO=1.05,

Rl=l.2p
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€7.06 4,178 0. 48 1.0 1.0 +30

S2.006 4494 0.45 «143 «036
§7.00 5.19 U.52 1.0 L«0 +30
€9.50 1.0 l.0 +30 +»580 .038
102.03 5.82 0.58 1.0 1.0 +30
106.99 6.C7 0.61 <610 -034
111.54 5. 24 ‘0. 52 1.0 1.0 +30
114.40 i.0 l.0 +30 «579 -028
116.87 4. 30 0. 43 1.0 1.0 +30
121.79 3.42 Qo34 «340 «040
126.¢€9 2485 V.29 1.0 1.0 +30
129.10 1.6 1.0 +30 - 080 - 048
121.58 2. 69 0.27 1.0 1.0 +30
136.46 2. 69 0.27 —= 034 <051
141.33 2. 80 0.28 i.0 1.0 +30
143.80 l.0 1.0 +30 - 098 « 044
L46.18 2. 8% 0.28 1.0 1.0 +30
151.03 Ze 91 0.29 =434 .039
155.87 2.€5 0.27 « 680 «050
160.71 2453 C. 25 1.0 L.0 +30
1€5.53 2+ 55 0.26 « 740 «050
EXAMPLE 4 SILICON 28 (P,P) E=18.82 SINGLE CASE, ENORM NORMAL IZATION

$SKTR KX{5)=c$
$PEI %

SRR1L $

EXAMPLE b5 SILICON 28 (P4P) E=18.82 GRID ON VG, VSy AND W1
$KTR KL{13)=1, KT{1l)=2, KX(5)=0%

$PE] VO=50a.4s VS=4.y ni=4.%

$GRI NVO=2y LUVU=10ey NWl=2, DWl=2., NVS=3, DVS=2.%

$RKI1 %

EXAMPLE o SILICUN 28 (P,P) E=18.82 SINGLE CASE, KNEE AND TAIL VCNI
$SKTR KL{1)=Cy KL{4)=3, KL(O)=1,y KL(3)=L, KX{7)=24 NP=11%
$PELl VO=51.6y wI=30.C8y VS=10.37y AU=.75, AS=.85, RO=1.161+ RS=.861S$
$REL LMAXM=15, NMAX=4, RHUIN{3)=5.,4 15., DRHCIN(2)=.1, .2%

—le O. 1. 0. l. O. -7 O.

$TSP %

Tables describing input. - Tables II, III, and IV contain details of SCATLE input op-
tions. Table V lists the nonstandard FORTRAN IV programming options used in SCATLE.
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Input
set

Required
for-

All cases

All cases
All cases

KT(1) = 2
or
KT(1) = 3

All cases

10
2 KL() #£0
I=7

KT(1) = 3
or
KT(1) = 4

KL(3) # 0

JOPT #0

Card
number

03--0950

03--0970

03--1200

03--1330

03--1350

12--1630

03--1520

03--1790

03--1880
03--1890

TABLE II. - INPUT SETS

Description

Title card (FORMAT 13A6)

Controls:
NAMELIST/KTR/KL, KT, KX, XNORM, NP

SCATLE parameters (energy, mass, and charge values):
NAMELIST/PEI/FMI, FMB, ELAB, ZZ, RC, VO, AO, RO, WI, WVI, Al, Ri, VS, WS, AS, RS, VSODD

Grid variables:
NAMELIST/GRI/DRI, DRS, DVO, DWI, DAS, DVS, DWS, DAI, DWVI, DAO, DRO, DVSODD,
NRI, NRS, NVO, NWI, NAS, NVS, NWS, NAI, NWVI, NAO, NRO, NVSODD

Integration variables and LMAXM:
NAMELIST/RHI/NMAX, LMAXM, RHOIN, DRHOIN

Input for knee and tail variations (FORMAT 8E10.0):?
TH(1), TH(2), TN1(1), TN1(2), TN2(1), TN2(2), PMA, PMB

Search variables:
NAMELIST/SCHI/C,DELTA, E, FAC,H,KSTEP, N, NC, NHP, NSSW1, NMLR, NPCT, PCT,SRCH, VP
Experimental data:

NAMELIST/TSP/CSIG, DPOLEX, DSGMEX, DTH, JMAX, JOPT, POLEX,SGMAEX, THETAD, THI, THF

Experimental data (FORMAT 8E10. 0):?
THETAD(J), SGMAEX(J), DSGMEX(J), POLEX(J), DPOLEX(J); one card for each J from 1 to JMAX

\When data are input using E-conversion, the exponent is read as 0 whenever the characters Exx are omitted from the data

card. Thus, data which are punched on cards according to the specifications for F-conversion will aso be input correctly
(See listing of data cards for example data sets.)

by E-conversion.
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Namelist
name

TABLE ITl. - SCATLE INPUT VARIABLES APPEARING IN NAMELIST STATEMENTS

Variable name

KTR

KL(1)

KL(2)

KL(3)

KL(4)

KL(5)

KL(6)

KL(7)

KL(8)

K1L(9)

KL(10)

KL(11)

KL(12)

KL(13)

32

Standard values

Description

0 - vCN,(R‘ Woods-Saxon; VCN,J’ ‘Woods -Saxon

1- vCN,(R’ Woods-Saxon; VCN,J’ determined by KX(1)

2 - Square well form of VCN (eq. (19)):
When KL(1) = 2, KX(7) is set to 1.
I KL(1) = 2, set VS =WS=0.

0 - Chi-square not computed.

1 - Compute chi-square.

0 - Use experimental values from previous case.

1 - Read NAMELIST/TSP/. (KL(3) is set equal to 0 after Read.)

0 - No plot.
1 - Plot polarizations.
2 - Plot sigmas.

3 - Plot sigmas and polarizations.
Not used

0 - Normal output.

1 - Minimum output (n';, nl_, 5;’ @ 51_ @ are not computed, printed,
or plotted.}

2 - Normal output plus AR, Al BR, BI

0 - Standard form for VCN,(ﬂ
1 - Form A for V

CN.& | Rer. 1
2 - Form B for VCN,KR

0 - Standard form for VCN,J
1 - Form A for VCN,J

2 - Form B for VCN,Jj

0 - Standard form for Vgq

Ref. 1

1 - Derivative of form A for VSO,(R

Ref. 1

2 - Form B for VSO,(R
0 - Standard form for VSO,J
1 - Derivative of form A for V,

80,7 § Ret. 1
2 - Form B for VSO,J
0 - No coulomb spin-orbit term

Eq. (2)

1 - Includes coulomb spin-orbit

0 - Do not print and plot form factors (ref. 1)

1 - Print and plot form factors; plot effective potential for
1= KX(9) (eq. (43)).

0 - Save current input values for next case.

1 - Initialize input to standard values before next case.
(KL(3) is reset to 1.)




Namelist
name

KTR

TABLE 0. - Continued. SCATLE INPUT VARIABLES APPEARING IN NAMELIST STATEMENTS

Variable name

Standard values

Description

KT(1)

KT(2)

KT(3)

KT(4)

KT(5)

KT(6)

KT(T)

KT(8)

KT(9)

KT(10)

KT(11)

KT(12)

KT(13)

XNORM

NP

KX(1)

KX(2)

1 - Single case, no search

2 - Grid, no search

3 - Grid, plus search

4 - Single case with search

Not used

Not used

NF

NR

N1

N2

IN2

N3

N4

IN4

NF NF
- 2., _ 2
SUMFS = z; x2(6); SUMFP = 21 (6
= =

NR NR
SUMMS = > xg(oj); SUMMP= >, x%,(ﬂj)

j=NF+1 j=NF+1
JMAX IMAX
SUMRS = 37 () SUMRP = S x30))
j=NR+1 j=NR+1
N1+IN1 N1+IN1 .
- 26 3: -
SUMIS = > X5(8;); SUMLP = > Xpl0;)
j=N1 j=N1
N2+IN2 . N2+IN2
- . _ 2
SUM2S = 2 , Xo(0;); SUM2P = > xpl0))
j=N2 j=N2
N3+IN3 N3+IN3
SUM3S = > x§<ej>; suM3p = > xi,(ﬂj)
j=N3 j=N3
N4+IN4 N4+IN4
SUM4S = > X(Z,("j)" SUM4P = >, x%,(oj)
j=N4 j=N4

SUM34S = SUM3S + SUM4S
SUM34P = SUM3P + SUMAP

Normalization factor for ¢**(g) and 40°*(8); SNORM = XNORM
when KX(5) =1

All chi-square values are divided by (JMAX - NP) and printed out
along with the unadjusted chi-square values.

0 - Gaussian form for VCN,J (eq. (14))

1 - Derivative of Woods-Saxon form for VCN,J(eq' (16))

2 - Gaussian plus Woods-Saxon form for VCN,J (eq. (17)

3 - Derivative of Woods-Saxon plus Woods-Saxon form for
Ve, s (ea- (18)

0 - Do not plot 17;', "l-’ 62(“, al-,(ﬁ (egs. (20) and (21)}).

- s+ -
1-Plot ng, 1 By @ B4
2 - Plot and punch 7, 17, 8} q. 8]

KL(6) # 1.
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TABLE HI. - Continued.

SCATLE INPUT VARIABLES APPEARING IN NAMELIST STATEMENTS

NWVI, NAI, NRI, NVS, NWS3,
NAS, NRS, NVSODD

34

Namelist Variable name Standard values
name
KTR KX(3) 0
KX(4) 3
KX(5) 0
KX(6) 0
KX(7) 1
KX(8) 0
KX(9) 0
KX(10) 0
KX(11) 0
KX(12) 0
KX(13) 0
PEI FMI, FMB, ELAB, ZZ,RC None
VO, AO, RO, WI,WVI, Al 0
R1, VS, WS, AS, RS, VSODD
GRI DVO,DAO,DRO,DWI, 0
DWYVI, DAI, DRI, DVS, DWS,
DAS,DRS,DVS0ODD
NVO, NAO, NRO, NWI, 1

Description

0 - A0%%(9) used in sz,

ex th
1 - Ao (8) replaced by O coul

KX(5) is set equal to 0.

(6) in xzo; when KX(3) =1,

Determines what function will be minimized by search:

1 - CHI2ST 8 - SUM3s 15 - SUMMP

2 - CHRPT 9 -SUM3P 16 - SUMRS

3 - CHI2T 10 - SUM4S 17 - SUMRP

4 - SUM1S 11 - SUM4P 18 - SUM34S

5 -SUMIP 12 - SUMFS 19 - SUM34P

6 - SUM2S 13 - SUMFP

7 - SUM2P 14 - SUMMS

When KX(12) = 1, CHISQ(KX(4)) + CHISQ(KX(4) + 1) will be
minimized.

0 - SNORM = 1

1 - SNORM = XNORM Yy (5) i5 set equal to 0 when KX(3) = 1.

2 - SNORM = ENORM

0 - Normal integration procedure

1 - Exchange potential in integration routine: If ! is even, VS = VS.
I I is odd, VS = VSODD.

1 - AS and RS used to compute Woods-Saxon

form of Ve, & (eq. (10)) KX(7) is set equal to

2 - AO and RO used to compute Woods-Saxon| 1 when KL(1) = 2.
form of VCN,(R (eq. (11))
Not used

1-value used in angular momentum term when plotting effective
potential (eq. (43)); this option is used only when KX(12) = 1.

Not used

0 - Do not call TRIPS
1 - Call TRIPS (standard output)

2 - Call TRIPS (standard output plus scattering amplitudes and
otcl:)ul(e) output)

#1 - Search on CHISQ(KX(4))
1 - Search on CHISQ(KX(4)) + CHISQ(KX(4) + 1)

Not used

Mass, energy, charge product, coulomb radius

SCATLE parameters {nuclear potential parameters)

Grid increments (table IV)

Number of grid values (table 1IV)




Namelist
name

RHI

SCHI

TSP

TABLE OI - Concluded.

Variable name

LMAXM

NMAX

RHOIN(I) for I=1to 10

DRHOIN(I) forI=1to 9

C(1,J) forI=1to 12

J=1to 10

DELTA

E

FAC

H(I,J), I=1to 12

KSTEP

NC

NSsW1

NMLR

NPCT

PCT

SRCH(I), T=1to0 12

vP

C8iG

JMAX

JOPT

DTH
THI
THF

THETAD-array

DPOLEX-array

DSGMEX-array

POLEX-array

SGMAEX-array

SCATLE INPUT VARIABLES APPEARING IN NAMELIST STATEMENTS

Standard values

25

0.05, 0.5, 25.

0.05, 0.5

Description

lmax

Number of RHOIN values (=<10)

RHO(1)=RHOIN(1)

RHO{)=RHO(I- 1)+DRHOIN(1); RHOIN(1)<RHO(I)=RHOIN(2)

RHO(I)=RHO(I-1)+DRHOIN(NMAX-1);
RHOIN(NMAX-1)}< RHO(I) <RHOIN(NMAX)

None for FAC=0
H(1,1)- H(2, 2). . . H{N, N) for FAC #£0

0.1
-1
FAC < 0: Diagonal matrix com-

posed of standard elements from
table IV

FAC = 0: None
FAC > 0: FAC X Identity matrix

None

None

FALSE

None

None

None
None

None

None

None

Constraint matrix
Determinant of H-matrix

Criteria for search cutoff
Controls input of H-matrix

Symmetric matrix used by search routines; when FAC =0,
only elements on diagonal and to right of diagonal are input.

Number of random steps to be taken at end of search
Number of parameters to be searched on
Number of constraints
H-matrix is printed out every NHP iterations during search
Output control:

NSSW1 = 1 gives normal search output.

NSSW1 < 1 gives minimum search output.

A search will be cut off after NMLR move left or move right
output messages.

A search will terminate after NPCT iterations with less than
PCT percent change.

This array must contain the FORTRAN names of the N parameters
to be searched on. Literal constants must be enclosed by apos-
trophies when read into NAMELIST (e.g., SRCH = 'VO', 'RS").

Factor for determining the length of random steps (card 31--0220.)

0%%(8) and Ac®%(8} are converted from mb/sr to fmZ/sr when
CSIG = . TRUE.

Number of experimental data points.

When JOPT # 0, experimental data will be read with
FORMAT 8E10.0 (table II).

When DTH # 0, the THETAD array is generated from THI
to THF in steps of DTH.
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‘“TABLE IV. - SCATLE PARAMETERS - SEARCH AND GRID INFORMATION

1 2 3 4
SCAT4 SCATLE Grid Number of
parameter | paramgter | increment | grid values
name name
\' vO DVO NVO
w wI DWI1 NWI
AO DAO NAO
RO DRO NRO
AAY DWVI NWVI
BG Al DAI NAI
RG RI DRI NRI
A\ VS Dvs NVS
WS WS DWS NWS
A AS DAS NAS
RO RS DRS NRS
VSODD | DVSODD NVSODD

5

Corresponding
element in
standard
diagonal
H-matrix

0. 005

. 005
.00001
. 00001
.001

. 00001
. 00001
.001
.001
.00001
.00001

. 001

6

Increment for
parameter
for x, in

equation (50),

AX,
]

0.001
.001
.0001
. 0001
.001
. 0001
.0001
.001
.001
.0001
.0001
.001




TABLE V. - NONSTANDARD FORTRAN IV PROGRAMMING OPTIONS USED IN SCATLE

Option

G-type format

Input of literal
(BCD) con-
stants on
NAMELIST
data cards

Generate
random
numbers

Printed plots

Card numbers where used

02--0140
02--0150
11--0580
11--0620
11--0630
11--0640
11--0650
11--0670
11--0780
11--0790
11--0870
11--0880

21--1160
22--1080

11--0940
11--1060
11--1100
11--1190
11--1360
11--1550
11--1970
20--0850
20--0860
20--0910
20--0920

22--0360
22-.0520
22--0590
22--1120
25--0930
25--0940
26--0230
26--0250
26--0320
26--0330
26--0390
26--0460

Description

Output format option which causes each number to be examined
to determine whether it fits I, E, or F format. If the number
fits one of these formats, it is printed in that format. All
other numbers are printed in O-type format.

03--1520

This option permits the names of the SCATLE parameters to
be entered into the SRCH-array on NAMELIST data cards.
This is accomplished by enclosing the parameter names in
apostrophes. Since these literal constants have less than six
characters, they are left adjusted with the remaining charac-
ters set to blanks, for example, $TSP N=3, SRCH='RI', 'VO',
"WVI' $ will cause the SRCH-array to appear in the machine as

SRCH(1) RIbbbb

SRCH(2) VObbbb

SRCH(3) WVIbbb

01--0290

31--0140

21--0740

23--0390
23--0610

21--0720

CALL SAND(X) initializes the procedure for generating random
numbers.

Each CALL RAND(Y) generates a new random number.

24--0590
24--0940

Each CALL PLOTXY(XDOWN, YACROS, KODE, P) gen- ~
erates a single curve plot.

Each CALL PLOTMY(XDOWN, YACROS, KKK, P) gen-
erates a multiple curve plot.

Ref
Each CALL SORTXY(V, W, NPTS) rearranges the NPTS (
of the V-array in order of increasing size. The ele-
ments of the W-array are moved to maintain the original

pair-relation. . y

. 5
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Typical output listings. - The SCATLE output presented in this section is a portion of
the output generated by running the standard potential case and the six example cases of
the previous section. The first four pages of output from example 1 are shown. Values
for the input variables and several initial calculations are listed on the first page, and
the second through fourth pages contain all output from the search procedure. The last
six pages of output from example 1 are not included since they correspond to the second
page and to the last five pages of output from example 3.

Example 2 produces 40 pages of output. The portion presented here includes the
initial page, and the initial and final parameters for each search procedure.

All 12 pages of output from example 3 are listed. The input potential parameters of
this example agree to four figures with the final values of the search of example 1.
Therefore, the final output values from example 1 are quite similar to the output values
from example 3. The output from examples 4, 5, and 6, which consists of 21 pages, is

not listed herein.

RUN NUMBE®R 1 STANDARD POTENTIAL CASE WITHOUT EXPERIMENTAL DATA
CONTROLS
N = 1 2 3 4 5 [ 7 8 9 10 11 12 13
KL{N)= 1 0 ] 0 0 0 0 0 0 0 [¢] 0 0
KT(N)= 1 0 o 0 ] 0 0 0 o 0 [} 0 0
KX{N)= o 0 4] 3 0 0 1 0 0 0 0 0 0

BASIC INPUT DATA
FMI= 1.00783 FMB= 27.97693 ELAB= 18.820 IZ= 1l4.

XNORM= 1.0000000 SNORM= 1. JMAX= 35 NP= 0

NUCLEAR POTENTIAL PARAMETERS

Vo= 60.000C00 WI= 6.0000000 AD= 0 RO= 0
Wvl= 0 Al= 0.8000000 Ri= 1.2000000
VS= 6.0000000 WS= 0 AS= 0.6000000 RS= 1.0000000
vsSQoD= 0 RC= 1.2500000
BASIC COMPUYED QUANTITIES
RHORD= 0 RHORI= 3.3497156 RHORS= 2.7914296 RHORC= 3.4892870
ECM= 18.165609 K= 0.9195175 KAS= 0.5517105 KAI= 0.7356140

€TA= 0.5101995
INTEGRATION DATA

RHOMAX= 25.000000 LMAXM=25 NMAX= 3
RHOIN= 0.0500 05000 25.0000
ORHOIN= 0.0500 0.5000
RUN NUMBER 1 STANDARD POTENTIAL CASE WITHOUT EXPERIMENTAL DATA
THETA SIGMATH SIG/SIGC POL TH
5.0000000 19502.611 0.9172991 1.6765503E~03
10.000000 1066.8035 0.7997761 1.2657248E~02
15.000000 230.55717 0.8694993 1.5116542€6~02
20.000000 96.579293 1.1409455 -146100620€~-02
25.000000 50.409868 1.4373500 -7.3879237€~02
30.000000 26.120771 1.5228981 -0.1570987
+ 35.000000 11.937901 1.2682216 ~0.2856010
40.000000 442748480 0.7600241 -0.5127966
45.000000 1.0820086 0.3015014 -0.8231835
50.000000 0.7001327 0.2901839 042469563
55.000000 1.7489625 1.0330060 0.4659013
60.000000 3.2012861 2.5995876 0.3104368
65.000000 4.4103024 4.7756708 041785101
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70.000000
75.000000
80,000000
85.000000
90.000000
95.000000
100.00000
105.00000
110.00000
115.00000
120.00000
125.00000
130.00000
135.00000
140.00000
145.00000
150.00000
155.00000
160.00000
165,00000
170.00000
175.00000

RUN NUMBE

RUN NUMBE

ve~NcwnmsrwN~Or

R 1
L

VOD~NCUVMPWN=O

R 1
ETAL
0.8401144
0.5460046
0.8288815
0.5808226
0.7995855
0.9868525
0.9989893
0.9999279
0.9999955
0.9999997
1.0C00000
1.0C00000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0€00000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000

5.0628741
5.1076718
4.6556681
3.8846824
249837244
2.1152926
1.3936460
0.8831912
0. 6042636
0.5408755
0.6502372
0.8742473
1.1498138
1.4179195
1.6318933
1.7625985
1.8008391
1.7560279
1.6520144
1.5210953
1.3970447
1.3094758

7.1197093
9.1140505
10.326472
10.514505
9.6916710
8.1207087
6.2354569
4.5459146
3.5349597
3.5556094
4.7521958
7.0315315
10.079298
13.421867
16.532366
18.946604
20.368075
20.728001
20.189225
19.095482
17.876693
16.948968

6.9308369€~-02
-2.6157600E-02
=0.1097795
-0.1769103
-0.2157031
~0.2042394
~0.1051392
0.1279789
0.4517522
0.5669629
0.3688893
0.1591130
T.4726537E-02
0.1040219
0.2156623
0.3835882
0.5825254
0.7800936
0.9302291
0.9704754
0.8344227
0.4914119

STANCARD POTENTIAL CASE WITHOUT EXPERIMENTAL DATA

REAL C{L+1/2}

0.4108870
0.1612435
-0.2608620
-0.2886678
0.1623717
3.C956736E-02
3.1027100E-03
~1.9256093E-03
—2.514T565E-03
-2.2513660€E-03
-1.8607633E-03
-1.4754299E-03
~1.1506343£-03
-8.7950244E-04
—6.3914633E-04
~4.5268404E-04
-3.2030407E-04
=2.0949129E-04
-1.1748969€-04
~6.1564481E-05
~3.7483953E-05
~2.5147821E-05
-1.3541272E-05
-3.6835778E-06
1.6714246E-06
2.8766948E-06

IMAG C(L+1/2)
0.5872918
0.2797029
0.1779562
0.4682251
0.1346650
7.5457897-03
5.1497504E-04
3.9758640E-05
8.563070SE-06
5.1906080E-06
3.4660762E-06
2.1772815-06
143242082806
T.7337465E-07
4.0864590E-07
2.0605%891£-07
1.0182136E-07
4.40498T0E-08
1.3565904E-08
3.8641117E~09
1.0725489£-09
5.8122986E-10
3.4524781E-10
4.0009485E-11
8.0880384€~11
8.7511669E-11

REAL C{L-1/2}

0.4158149

4. 7274854E-03
~0.4199165
0.1319349
T.0444219€E-02
1.1048209E-02
-7.9829085E-04
~2.7292777E-03
-2.6822239€E-03
—2.2862279E-03
-1.8680033€E-03
-1.4769507€-03
-1.1509994E-03
-B.7961549E-04
~6.3918725E-04
—4.5271553E-04
-3.2031742E~04
—-2.0949131E~04
~1.1750402E-04
~6.1572863E-05
-3.7488161E-05
-2.5166588E-05
-1.3554924E-05
-3.6806699E-06
1.6714222€-06
2.8T66967TE-06

STANDARD POTENTIAL CASE WITHOUT EXPERIMENTAL DATA

ETAZ
0.8342400
0.5289432
0.8681960
0.2869239
0.9219161
0.9919236
0.9992521
0.9999415
0.9999962
0.9999998
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000
1.0000000

DELRI-DELPR

0.8900657
0.3159200
2.8011822
2.4110109
0.2091128
3.1389777E~-02
3.1058690E-03
3.1396669
3.1390779
3.1393413
3.1397319
3.1401173
3.1404421
3.1407132
3.1409535
3.1411400
3.1412724
3.1413832
3.1414752
3.1415311
3.1415552
3.1415676
3.1415792
3.1415890
1.6714246E-06
2.8T66948E-06

IMAG Cl{L-1/2)

0.5229699
0.2355706
0.2899489
0.4436573
4.4456440E~-02
4.1612677€6-03
3.7459(59€-04
3.6€686320E-05
9.1137CH0E-06
5.3255428E-06
3.4963492E-C6
2.1809079E-06
1.3236396E-06
7.7245572€E-07
4.07754496E-C7
2.C506866E-07
1.0288596€E-07
4.4741154E-08
1.3254814E-08
3.7338010E-09
1.3E87664E-09
2.€101t41E-10
1.4€52123E-10
2.1£660470E-10
1.9599567E-10
—4.1383439E-12

DELR2-DELMR DELMI
8.7108624E-02 0.8249604 9.0617098BE-02
0.3025639 8.9380804E-03 0.3184371
9.3839015E-02 2.4843516 T.0668893£-02
0.2716549 0.5835958 0.6242692
0.1118309 7.6711250E-02 4.0650533E£-02
6.6173484E-03 1.1139087E~02 4.0545914£-03

5.0559862E-04
3.6054659E-05
2.2426297E-06
1.266598BE-07
7.4505806E-09
3.7252903E-09
3.7252903E-09

-0

-0
3.7252903E-09

-0

-0

-0
3.7252903E-09
3.7252903E-09
3.7252903£-09
3.7252903E-09
3.7252903E-09
3.7252903E-09
3.7252903E-09

3.1407938
3.1388632
3.1389104
3.1393065
3.1397247
3.1401157
3.1404417
3.1407131
3.1409535
3.1411400
3.1412724
3,1413832
3.1414752
3.1415311
3.1415552
3.1415675
3.1415792
3.1415890
1.6714222E-06
2.8766967E-06

3.7409572E-04
2.9240658E-05
1.9222535E-06
1.1175872€~07
1.1175871E-08

-0
3.7252903E-09
-Q
7.4505806E-09
~0
3.7252903E-09
3.7252903E-09
3.7252903E-09
3.7252903E~09
3.7252903E-09
3.7252903E~09
-0
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RUN NUMBER 1 EXAMPLE 1 SILICON 28 (P,P) E=18.82
CONTROLS
N = 1 2 3 4 5 6 8 9 10
KL{N}= 1 1 0 3 0 0 0 0 0 0
KT(N)= 4 o 4] 0 o] 0 0 0 [} 0
KX{N)= 1 o 0 3 0o o 2 0 0 0
BASIC INPUT DATA
FMI= 1.00783 FMB= 27.97693 ELAB= 18.820
XNORM= 1.0000000 SNORM= 1. JMAX= 44
NUCLEAR POTENTIAL PARAMETERS
V0= 60.000C00 wil= 6.0000000 AO0= 0.8000000
WVI= 0 Al= 0.8000000
vS= 6.0000000 WS= O AS= 0.5000000
vSGDD= O
BASIC COMPUTED QUANTITIES
RHORO= 2.9310011 RHORI= 3,3497156 RHORS= 2.6518582
ECM= 18.165609 K= 0.9195175 KAS= 0.4597588
ETA= 0.5101995
INTEGRATICON DATA
RHOMAX= 15,000000 LMAXM=15 NMAX =
RHOIN= 0.0500 0.5000 5.0000 15.0000
DRHOIN= 0.0500 0.1000 0.2000
RUN NUMBER 1 EXAMPLE 1 SILICON 28 {(P,P) E=18.82

VARTABLE METRIC MINIMIZATION

N= 6 X= 0 E= 1.00000E-01 ©P= 0. DELTA= 2.50000E-23
NHP= 5 NMLR= 5 NPCT= 5 PCT= 0.5000
vo Wi Vs AO Al
X= 60.0000 6.00000 6.00000 0.80000 0.80000
H
5.0C000E-03 0. 0. 0. [ %
0. 5.00000E-03 0. 0. 0.
0. [¢% 1.00000£-03 0. 0.
0. O. 0. 1.00000E-05 0.
0. 0. 0. 0. 1.00000€E-05
0. 0. 0. O. 0.
IT 0 STEP 0 F= 8.24182E 02
vo Wl Vs AO Al
X= 60.0000 6.00000 6.00000 0.80000 0.80000
G= 52.5208 -860.764 =49.7360 6317.90 ~5573.81
ENORM= 1.34307 SIGMAR(TH)= 95.4705 CHI2T= 824,182
IT 1 STEP 0 F= 5.00752E 02 G6S= -4.43157E 03
DELTA= 5.15794E-24
vo WI vs AD Al
X= 59.9574 6.6988S 6.00808 0.78974 0.80905
6= =0.33951 31.1241 -35.8391 2025.79 354.729
ENORM= 1.15326 SIGMARI(TH)= 99.7806 CHI2T= 500.752
IT 2 STeP 0 F= 4.78168E 02 GS= -4.81788E 01
DELTA= 4.85679E-24
vo WI Vs AD Al
X= 59.9575 6.60671 6.04225 0.77005 0.80651
G= -0.45776 5.70679 -22.8806 -42.9916 -149.574
ENORM= 1.16026 SIGMAR({TH)= 9B8.2166 CHIZ2T= 478.168

4

SINGLE CASE SEARCH

11 12 13
0 0o 0
o} 0 ]
0 0 0
2= 14,
NP= 10

RO= 1.0500000
RI= 1.2000000
RS= 0.9500000
RC= 1.2500000

RHORC= 3.4892870

KAI= 0.7356140

SINGLE CASE SEARCH

AS
0.50000

G.

1.00000£~05

AS
0.50000
299.988

CHI2ST= 536.556

AS
0.49951
253.906

CHIZ2ST= 311.254

AS
0.49711
46.7300

CHI2ST= 282.282

CHIZPT=

CHI2PT=

CHI2PT=

287.626

189.498

195.886



UNDERSHOT

17 3 STEP 0 F= 4,76723E 02 GS= -8.967%4E-01
DELTA= 9.71357E-24

vo Wl Vs AC
X= 59.9614 6.57218 6.08883 0.76997
G= -0.78201 -1.23215 ~12.1346 3.70026
ENORM= 1.16164 SIGMAR{TH)= 98.3731 CHI2Y=
UNDERSHOT
1T 4 STEP 0 F= 4.75603E 02 GS= -7.66493E£-~01
DEL TA= 1.94271E-23

vo WI Vs AD
X= 59.9719 6.53323 6.14188 0.76961
G= 0.37384 -0.19836 -0.98419 14.7247
ENQRM= 1.16142 SIGMAR{TH)= 98.6894% CHI2T=
UNDERSHOT
17 5 STEP 0 F= 4.74988E 02 GS= =3.98690E-01
DELTA= 3.88543E-23

vo Wi Vs AD
X= 59.9739 6.49360 6.17759 0.76908
G= 1.52969 1.75476 4.82559 23,8037
ENORM= 1.16131 SIGMAR{TH)= 99.0121 CHI2T=

ERROR MATRIX

5.04116E-03 -1.65115E-04 2.80492E-04 -6.19368E-06

—~1.65115€-04 3.41031€-03 -2.06964E-03 5.26835E-05 ~—

2.80492E-04 -2.06964E-01 3.34332E-03 -2.73925E-05

—-6.19368E~06 5.26835€~-05 -2.73925€-05 9.54302E-06 -

2.81032E-05 ~2.82769E-04 2.48465E-04 -2.76653E-06

-1.58117E-06 —-8,86554E-06 1.20495E~-06 -1.74292E-07

UNDERSHOT
1T 6 STEP 0 F= 4.74410E 02 GS= ~-3.42403E-01
DELTA= 7.77086E-23

vo Wi Vs AQ
X= 59.9608 6.45270 6.19294 0.76825
G= 3.14713 0.89264 5.29099 27.1988
ENORM=  1.16185 SIGMAR{TH)= 99.2832 CHI2T=
UNDERSHOT
IT 7 STEP 0 F= 4.73T41E 02 GS= -3.94979E-01
DELTA= 1.55417€-22

vo wi Vs AQ
x= 59.95200 6.40765% 6.19710 0.76707
G= 3.28445 0.22888 2.38419 l4.6866
ENORM= 1.16227 SIGMAR(TH)I= 99.5622 CHIZ2T=
UNDERSHOT
IT 8 STEP 0 F= 4.73141E 02 GS= -4.24909E-01
DELTA= 3.10834E-22

vo Wi VS AD
X= 59.8513 6.34207 6.20859 0.76545
G= 2.78473 =1.94550 0.15259 7.82013
ENORM= 1.16285 SIGMAR(TH)Y= 99.9777 CHI2T=
UNDERSHOT
IT 9 STEP 0 F= 4.72937E 02 GS= =1.91945E-01
DELTA= 6.21668E-22

vo Wl Vs AO
X= 59.7770 6.29418 6.21655 0.76418
6= 0.51117 -0.40817 -2.03705 -6.17981
ENORM= 1.16243 SIGMAR{TH)= 100.329 CHI2T=

Al AS
0.80976 0.49609
-182.610 -13.8855
476.723 CHI2ST=
Al AS
0.81487 0.49569
-130.577 —-70.7245
475.603 CHI2ST=
Al AS
0.82017 0.49669
~79.8416 -98.8770
474.988 CHIZ2ST=

2.81032E-05 -1.58117E-06

2.82769E~04 -—-8.86554E-06
2.4B465E-04 1.20495E-06
2.T6653E-06 ~1.74292E-07
3.80278E-05 1.67708BE-06

1.67708€E-06 1.09893€E-05

Al AS
0.82521 0.49917
-50.3159 -86.3266
474.410 CHI2ST=
AL AS
0.83076 0.50301
-33.3023 -61.5692
473,741 CHI2ST=
Al AS
0.83893 0.50854
-17.6620 -30.0980
473,141 CHI2ST=
AL AS
0.84546 0.51340
1.71661 -10.3760
472.937 CHI2ST=

280.158

277.742

276.564

276.579

277.513

278.962

280.560

CHI2PT= 196.565
CHI2PT= 197.861
CHI2PT= 198.423
CHI2PT= 197.831
CHI2PT= 196.227
CHIZ2PT= 194.179
CHIZ2PT= 192.377
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1.61791E-02
8.67207E-03
-1.20793€-03
2.20589E-04
—1.12486E-03
-8.18465E~0D4
FINAL VALUES
ERROR MATRIX
1.61791E-02
8.67207€E-03
-1.20793E-03
2.205839E~04
-1.12486E-03

-~8.18465E-04

DELTA= 6.21668E-22 F= 4,72937E 02 GS= -2.14612E-02
vo Wi Vs AO Al AS
X= 59.7770 6.29418 6.21655 0.76418 0.84546 0.51340
6= 0.51117 -0.40817 -2.03705 -6.17981 1.71661 -10.3760
ENORM=  1.16243 SIGMAR(TH}= 100.329 CHI2T= 472.937 CHI2ST= 280.560
SUM OF CHI SQUARES / 34. CHiI2T= 13.9099 CHI2ST= 8.25177
RUN NUMBER 2 EXAMPLE 2 SILICON 28 (P.P) E=18.82 SEARCH WITH GRID ON AQO AND AS
CONTROLS
N = 1 2 3 4 5 6 7 8 9 10 11 12 13
KLIN)= 1 1 o} 3 o] 0 o] 0 0 0 0 [0} 0
KT{N)= 3 0 0 0 0 0 o] o} o 0 o 0 0
KX (N)= 1 o 0 3 [¢] 0 2 0 0 0 0 0 0
BASIC INPUT DATA
FMI= 1.00783 FMB= 27.97693 ELAB= 18.820 1= 14.
XNORM= 1.0000000 SNORM= 1. JMAX= 44 NP= 10
NUCLEAR POTENTIAL PARAMETERS
V0= 60.000000 wil= 6.0000000 AD= 0.7000000 RO= 1.0500000
WVI= 0 Al= 0.8000000 RI= 1.2000000
VvS= 6.0000000 WS= 0 AS= 0.5000000 RS= 0.9500000
¥S00D= 0O RC= 1.2500000
BASIC COMPUTED QUANTITIES
RHORO= 2.9310011 RHORI= 3.3497156 RHORS= 2.6518582 RHORC= 3.4892870
ECM= 18.165609 K= 0.9195175 KAS= 0.4597588 KAI= 0.7356140
ETA= 0.5101995
INTEGRATION DATA
RHOMAX= 15.000000 LMAXM=15 NMAX= 4
RHOIN= 0.0500 0.5000 5.0000 15. 0000
DRHOIN= 0.0500 0.1000 0.2000
Vo= 60.000000 WI= 6.0000000 AQO= 0.7000000 RO= 1.0500000
Wvi= 0 AI= 0.8000000 RI= 1.2000000
VvS= 6.0000000 WS= 0 AS= 0.5000000 RS= 0.9500000
vsSgDD= 0
VARIABLE METRIC MINIMIZATION
N= 4 K= 0 E= 1.00000E-01 ©P= . DELTA= 2.50000E~13
NHP= 5 NMLR= 5 NPCT= S PCT= 0.5000
vo Wl Vs Al
Xx= 60.0000 6.00000 6.00000 0.80000
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8.67207E-03
1.14332€E-02
—3.58654€-03
2.52970E~-04
-1.31386E-03

-7.09034E-04

8,67207E-03
1.14332€E-02
-3.58654E-03
2.52970E-04
-1.31386E-03

-7.09034E-04

-1.20793E-03
-3.58654€E-03
3.68662E-03
—6+.39499E-05
4.42508E-04

1.26851E-04

-1.20793E-03
~3.58654E-03
3.68662E-03
-6.39499E-05
4.42508E~04

1.26851E-04

2.20589E~-04
2.52970E-04
—6.39499E-05
1.45785€E-05
-2.85654E-05

-1.78690E-05

2.20589E-04
2.52970€E-04
—6.39499E-05
1.45785E-05
-2.85654E-05

~1.78690E~05

~1.12486E~-03
=1.31386€-03
4.42508E-04
—2.85654€E-05
1.70831E-04

9.22064€E-05

-1.12486E-03
~1.31386E-03
4.42508E-04
~2.85654E~05
1.70831E-04

9.22064E-05

~8.18465E-04
-7.09034E-04
1.26851€E-04
~1.78690E-05
9.22064E-05

7.36106E-05

~8.18465E-04
~7.09034E-04
1.26851E-04
-~1.78690E-05
9.22064E-05

7.36106E-05

CHEZPT=

CHI2PT=

192.377

5.65814



5.0C000E-03
.
0.
0.
IT 0 STEP
va
X= 60.0000

G= 18.7988
ENORM= 1,.29809

0. O
5.00000E-03 0.

0. 1.00000E-03
0. O.
0 F= 8.39127€ 02
Wl vs
6.00000 6.00000
-545,662 -6.73676

SIGMAR(TH)= 91.3161

UNDERSHOT

IT 8 STEP

DELTA= 5.49510
vo

X= 58.9726

G= 9.15527E-02

ENORM= 1.15287

v0= 60.00000

VvS= 6.000000
vsQoDo= 0

VARIABLE VETRIC

N= 4 K= 0 E=
NHP= § NMLR=

vo
X= 6C.0000
H
8.46098E-03
2.22449€-03
-1.36860€E-03
-5.17742E-04
1T 0 STep
vo
X= 60.0000
G= 52.5208
ENORM=  1.34307

COL INEAR
17 5 STEP

DELTA=
vo

X= 60,2413

G= -~1.57928

ENORM= 1.15890

V0= 60.00000

5.58919

vS= 6.000000
vsopo= O

VARTABLE METRIC

N= & K= 0 E=

NHP= & NMLR=
vo

X= 60.0000

H

6+78425E-03

1.70795€-03

0.
0.
0.
1.00000E-05
Al
0.80000

-4952.93
CHI2T= 839.127

0 F= 6.09582E 02 GS= ~-2.03440£-01
E-13
Wl Vs Al
5.28248 6.02324 1.00881
-2.31934 5.39398 -0.45776
SIGMAR(TH)= 108.857 CHI2T= 609.582
0 Wi= 6.0000000 AQ0= 0.8000000
WVi= 0 Al= 0.8000000
0 WSs= 0 AS= 0.5000000
MINIMIZATION
1.00000E-01 P= 0. DELTA= 5.49510E-13
5 NPCT= § PCT= 0.5000
Wl vs Al
6.00000 6.00000 0.80000

2.22449E-03 -1.36860€-03
2.45093E-03 -5.73725E-04
-5.73725E-04 1.88324E-03

—~3.98457€-04 1.67550e-04

0 F= 8.24182E 02
L3¢ VS
6.00000 6.00000
~-860.764 —49.7360

SIGMAR(TH)= 95.4705

0 F= 5.19893e 02 GS= ~5,06950E-01
E-13
WI vs Al
6.96744 6.19267 0.77580
-2.81525 =1.43433 -31.4331
SIGMARITH)= 98,1721 CHI2T= 519.893
0 Wl= 6.0000000 AQ0= 0.7000000
Wvi= 0 Al= 0.8000000
0 WS= 0 AS= 0.5500000
MINIMIZATION
1.00000E-01 P= 0. DELTA= 5.58919€-13
5 NPCT= 5 PCT= 0.5000
wI vs Al
6.00000 6.00000 0.80000

1.70795€E-03 -7.69296E-04

5.15069€-03 4.09421E-04

=5.17742E-04
—-3.98457E-04
1.67550£E-04
9.15804E-05
Al
0.80000

~5570.22
CHI2T= 824,182

—-3.42263E-04

~6.015556-04

CHI2ST= 438.634

CHI2ST= 286.220

RO= 1.0500000
RI= 1.2000000
RS= 0.9500000

CHIZ2ST= 536.556

CHI2ST= 30T7.338

RO= 1.0500000
RI= 1.2000000
RS= 0.9500000

CHI2PT=

CHIZPT=

CHIZ2PT=

CHIZ2PY=

400.492

323.362

287.626

212.555
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-T7.69296E-04

-3.42263E-04

4.09421E-04

-6.01555E-04

1.72424€E-03

-1.20906€-05

—1.20906E-05

B8.48659E-05

IT 0 STEP 0 F= 8.29891E 02
vo Wl vs Al
X= 60.0000 6.00000 6.00000 0.80000
6= 32.6233 -542,244 ~57.2357 -4910.58
ENORM= 1.30165 SIGMAR(TH}= 91.3337 CHI2T= 829.891 CHI2ST= 448.990 CHI2PT=

RICOCHET
1T 4 STEP 0 F= 5.89731f 02 GS= -1.08734E-01
DELTA= 5.58886E-13
vo Wl Vs Al
X= 58.8634 5.25787 6.23021 1.01314
G= -0.64087 1.31989 ~1.92261 -0.99182
ENORM=  1.15455 SIGMAR(TH)= 109.168 CHI2T= 589.731 CHI2ST= 289.685 CHI2PT=
v0= 60.000C00 WIl= 6.0000000 AO= 0.8000000 RO= 1.0500000
Wvi= 0 Al= 0.8000000 RI= 1.2000000
vS= 6.0000000 WsS= 0 AS= 0.5500000 RS= 0.9500000
vsaoo= ©
VARIABLE METRIC MINIMIZATION
N= 4 K= 0 E= 1.00000E-01 P= 0. DELTA= 5.58886E~13
NHP= 5 NMLR= 5 NPCT= 5 PCT= 0.5000
vo WI Vs Al
X= 60.0000 6.00000 6.00000 0.80000
H
8.67082E-03 3.27192E-03 -1.09463E-03 -6.87075E-04
3.27192E-03 4.12951E-03 -5.04T156-04 -—6.34927E-04
—-1.09463E-03 -5.04715E-04 1.56702E-03 1.04119€-04
-6.87075E-04 -6.34927TE-04 1.04119E-04 1.18829E-04
IT 0 STEpP 0 F= B.47453E 02
vo WI Vs Al
= 6C.0000 600000 6.00000 0.80000
G= 63.6749 -858.528 -86.1053 -5461.43
ENORM= 1.34704 SIGMAR({TH)= 95,4813 CHI2T= B847.453 CHI2ST= 551.122 CHIZPT=
RICOCHET
iT 5 STEP 0 F= 5.31088E 02 G6S= =4.27264E-01
DELTA= 9.33008E-13
vo WI Vs Al
X= 60.2372 7.01321 6.47004 0.76998
6= -0.69427 2.74658 3.73077 -3.96729
ENORM= 1.16036 SIGMAR(TH)= 97.8084 CHI2T= 531.088 CHI2ST= 307.648 CHIZ2PT=
RUN NUMBER 1 EXAMPLE 3 SILICON 28 {P,P)} E=18.82 SINGLE CASE
CONTROLS
N = 1 2 3 4 5 6 8 9 10 11 12 13
KL{N}= 1 1 [} 3 0 2 0 0 0 [} 0 1 0
KT{N)= 1 0 0 0 0 o] 0 0 0 0 0 0 0
KXINI= 1 0 0 3 o 0 2 0 0 0 0 o 0
BASIC INPUT DATA
FMI= 1.00783 FMB= 27.97693 ELAB= 18.820 IZ= 1l4.
XNGRM= 1,0000000 SNORM= 1. JMAX= 44 NP= 10

44

380.901

300.047

296.331

223.440



NUCLEAR POTENTIAL PARAMETERS

Vo= 59.780000 Wi= 6,2940000 AQ= 0.7642000 RO= 1.0500000
Wvi= 0 Al= 0.8455000 RI= 1.2000000

V5= 6.2170000 WS= 0 AS= 0.5134000 RS= 0.9500000
vSQDD= 0 RC= 1.2500000

BASIC COMPUTED QUANTITIES

RHORO= 2.9310011 RHORI= 3.3497156 RHORS= 2,.6518582 RHORC= 3.4892870

ECM= 18.165609 K= 0.9195175 KAS= 0.4720803 KAT= 0.7774521

ETA= 0.5101995
INTEGRATION DATA

RHOMAX= 15.000000 LMAXM=15 NMAX= &
RHOIN= 0.C500 0.5000 5.0000 15.0000
DRHOIN= 0.0500 0.1000 0.2000

SUM OF CHI SQUARES

CHISQ SIGMA= 280.52768 CHISQ POL= 192.41044 CHISQ TOTAL= 472.93813

SUM OF CHI SQUARES / 34.
CHISQ SIGMA= 8.2508142

CHISQ POL= 5.6591307 CHISQ TOTAL= 13.909945

REACTION CROSS SECTION AND DATA NORMALIZATION FACTOR

SIGMAR(TH) = 100,33423 ENORM= 1.1624686

RUN NUMBER 1 EXAMPLE 3 SILICON 28 (P,P) E=18.82 SINGLE CASE
THETA SIGMA TH SIGTH/S1GC POL TH SIGMA EX SIGEX/SIGC
5.180 15679.710 0.8494833 1.3878863E-03 15700.000 0.8505825
T.770 2666.1137 0.7299965 2.5145114E-03 2350.0000 0.6434428
12.950 339.09003 0.7124991 -1.2503671E-02 262.37600 0.5513068
15.530 193.01440 0.8356875 -3.1285520E-02 135.01600 0.5845739
18.120 126.24218 1.0085123 -5.2990013E-02 87.076999 0.6956330
20.710 B86.685940 1.1756859 ~T7.6033229E-02 64.942999 0.8807953
23.3C0 59.235816 1.2797077 -0.1013589 0.1000000 2.1603614E-03
25.870 39.155144 1.2772691 -0.1309221 20.406000 0.6656585
31.030 13.803928 0.9181994 -0.2197211 9.0890000 0.6045753
36.180 2.7465358 0.3317344 -0.4195832 3.7120000 0.4483459
38.8C0 0.7360464 0.1164127 -0.5821097 0.1000000 1.5815947E-02
41.330 0.2475967 4.9896246E-02 0.3617011 0.5470000 0.1102327
46,460 1.5288198 0.4807349 0.3994871 1.0110000 0.3179073
51.580 3.4064788 1.5858350 0.1692597 2.5090000 1.1680272
54.1C0 4.0447513 2.2477649 0.1075874 0.1060000 5.5572388E-02
56.690 4.4045787 2.9078532 5.6533065E-02 3.6320000 2.3978055
61.790 4.2878773 3.8724900 -3.0094878E-02 3.7420000 3.3794944
66.870 3.4453608 4.1258313 -0.1160490 3.2140000 3.8487759
69.4C0 2.9169364 3.9804220 -0.1622959 0.1000000 0.1364590
71.940 2.3880696 3.6929128 ~0.2114980 2.3060000 3.5660003
76.990 1.4857117 2.8976247 -0.3095006 1.3630000 2.6582967
82.030 0.8912685 2.1478465 -0.3556238 0.7550000 1.8194562
84.5C0 0.7130025 1.8932853 ~0.3218145 0.1000000 0.2655370
87.060 0.5936940 1.7356793 -0.2286860 0.4780000 1.3974448
92.060 0.4984139 1.7374185 7.0789014E~-02 0.4540000 1.5825962
97.060 D.4978162 2.0389090 0.3360890 0.5190000 2.1256716
99.5C0 0.5068773 2.2347560 0.4199099 0.1000000 0.4408870
102.030 0.5137956 2.4370749 0.4788090 0.5820000 2.7605874
106.990 0.5078257 2.7543385 0.5325628 0.6070000 3.2922389
111.940 0.4733559 2.9011540 0.5226408 0.5240000 3.2115465
114.4C0 0.4486754 2.9101862 0.4946923 0.1000000 0.6486172
116.870 0.4214045 2.8857124 0. 4499449 0.4300000 2.9445730
121.790 0.3668571 2.7778288 0.3097377 0.3420000 2.5896114
126.650 0.3206657 2.6580683 0.1185059 0.2850000 2.3624276
129.100 0.3024719 2.6125239 2.0539314E-02 0.1000000 0.8637245
131.580 0.2869613 2.5798543 =7.0468131E-02 0.2690000 2.4183713
136.460 0.2648081 2.5591511 -0.1827467 0.2690000 2.5996619
141.330 0.2510328 2.5857115 -0.1651732 0.2800000 2.8840823
143.8C0 0.2462748 2.6119042 ~0.1033306 0.1000000 1.0605648
146.180 0.2427934 2.6433458 =1 4842476E-02 0.2840000 3.0919714
151.030 0.2386700 2.7250951 0.2219047 0.2910000 3.3225909
155.870 0.2384857 2.8337388 0.4635839 0.2650000 3.1487874
160.710 0.2421985 2.9726298 0.6239240 0.2530000 3.1052019
165.530 0.2489115 3.1322618 0.6461486 0.2550000 3.2088786

POL EX
1.0000000
1.0000000
1.000000C

=7.6999999E-02
1.0000000
1.0000000
~0.1870000
1.0000000
~0.2660000
1.000000¢C
-0.617000C
1.0000000
0.4000000
1.0000000
0.1610000
1.000000C
-0.1180000
1.000000C
-0.2360000
1.0000000
~0.404000C
1.0000000
-0.451000¢C
1.000000C
0.1430000
1.0000000
0.5800000
1.0000000
0.6100000
1.0000000
0.579000C
1.0000000
0.3400000
1.000000C
8.0000000E-02
1.000000C
—3.4000000E-02
1.000000¢C
9.8000000E-02
1.000000C
C.434000C
0.6800000
1.000000C
0.7400000
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SINGLE CASE
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RUN NUMBER 1 EXAMPLE 3 SILECON 28 (P,P) E=18.82
AR 8l
110.89297 -58.158817 ~0.1066592 —1.6281780E-02
28.684781 =42.933341 -0.1571137 ~2.6897145E-02
~4.4477044 -17.867395 -0.2467559 -5.7223670E-02
~7.4116112 =11.747162 ~0.2837676 —-7.7985012E-02
-8.0776906 -7.8027890 -0.3145912 -0.1029910
=7.7054700 -5.2134228 -0.3382819 -0.1321368
-648529771 -3.4813522 -0.3541798 -0.1651236
-5,7992061 -2.3136658 -0.3617489 -0.2011009
-3.5643085 ~0.9476917 -0.3510967 -0.2797219
-1.5654698 -0.2704655 -0.3060035% -0.3592358
-0.7086644 -5.6611151E-02 ~0.2706070 -0.3967471
1.1170655E6-03 0.1037110 -0.2292403 ~0.4292881
1.0768472 0.3515894 -0.1271914 -0.4789854
1.6900079 0.5484719 -8.4916171E-03 ~0.4994584
1.8419744 0.6342305 5.2941335€6-02 -0.4968207
1.9092615 0.7L47209 G.1162452 -0.4847271
1.8252724 0.8446249 0.2356366 -0.4328305
1.5354735 0.9236042 0.3385726 ~0.3464188
1.3427649 0.9398961 0.3808843 -0.2923032
1.1308299 0.9393402 0.4160517 -0.2320222
0.6903431 0.8867367 0.4613636 -9.9899782E-02
0.2741723 0.7697713 0.4712799 3.8019395E~-02
9.2433609E-02 0.6922601 0.4630767 0.1038965
-7.5164065E-02 0.6006489 0.4458346 0.1688100
~0.3322382 0.3983853 0.3886201 0.2798129
-0.4903354 0.1827994 0.3053906 0.3615360
-0.5323327 7.9092240E-02 0.2576258 0.3884231
-0.5533283 -2.4104075E-02 0.2045954 0.4064272
-0.5361774 -0.2051836 9.4762875E~02 0.4114112
-0.4591263 ~0.3467726 -1.5269644E~-02 0.3769279
~0.4055650 -0.3996956 ~6.7573149€-02 0.3462221
-0.3454292 -0.4402976 -0.1173013 0.3073460
-0.2176284 -0.4830369 -0.2050890 0.2100211
-9.5982666E-02 ~0.4768410 -0.2739569 9.4990802E-02
~4.3192271€-02 -0.4574650 -0.3001632 3.5130587€-02
4.1713044E-03 -0.4275293 -0.3216287 ~2.6787462E-02
T7.2572336E-02 -0.3435374 -0.3476012 -0.1438640
0.1046149 -0.2348674 -0.3530480 -0.2455258
0.1070159 -0.1735779 -0.3486922 -0.2882827
0.1010939 -0.1122627 -0.3404299 -0.3226112
6.7286364E-02 1.4721980E-02 ~0.3128545 -0.3688466
1.1834987E-02 0.1368083 -0.2737513 -0.3803B05
-5.4751443E-02 0.2465954 -0.2262742 -0.3566392
-0.1210144 0.3375969 =0.1734201 -0.3003678
RUN NUMBER 1 EXAMPLE 3 SILECON 28 (P»P) E=18.82 SINGLE CASE

RHO(T} FFCI FFSR FFSI
4.9999999E-G2 0.9836964 5.5773134E-02 8.0154006E-02 8.0154006E-02
0.1000000 0.9825150 5.9366311E-02 4.45146633E-02 4.4514633E-02
0.1500000 0.9812497 6.3183208E-02 3.2959121E-02 3.2959121€E-02
0.2000000 0.9798948 6.7236732E-02 2.7450663E-02 2.74506463E-02
0.2500000 0.9784440 7.1540345€6-02 2.4384012E-02 2.4384012€-02
0.3000000 0.9768911 T.6108165€E-02 2.2559364E-02 2.2559364E-02
0.3500000 0.9752291 8.0954888E-02 2.1464311E-02 2.1464311E-02
0.4000000 0.9734508 8.6095843E-02 2.0844365E-02 2.0844365€E-02
0.4500000 0.9715486 9.1546956E-02 2.0559780E-02 2.0559780E-02
0.5000000 0.9695143 9.7324777E-02 2.0528306E-02 2.0528306€E-02
0.6000000 0.9650152 0.1099296 2.1039957€E-02 2.1039957E-02
0.7000000 0.9598795 0.1240539 2.2155285E-02 2.2155285€-02
0.8000000 0.9540258 0.1398492 2.3782535E-02 2.3782535€-02
0.9000000 0.9473649 0.1574732 2.5890141E-02 2.5890141E-02
1.0000000 0.9397999 0.1770871 2.8477027€E-02 2.8477027E-02
1.0999999 0.9312264 0.1988522 3.1557773E-02 3.1557773£-02
1.1999999 0.9215340 0.2229251 3.51532286€E-02 3.5153228E~02
1.2999999 0.9106066 0.2494512 3.9282745E-02 3.9282745€E~-02
1.3999999 0.8983255 0.2785579 4.3956224E-02 %4.3956224E-02
1.4999999 0.8845709 0.3103443 4.9165028€-02 4.9165028E-02
1.5999999 0.8692265 0.3448707 5.4871450E-02 5.4871450£-02
1.6999999 0.8521832 0.3821458 6.0997011E-02 6.0997011€E~02
1.7999999 0.8333645 0.4221124 6.7410705E-02 6.74107C5E-02
1.8999999 0.8126329 0.4646328 7.3919279€-02 7.39192719E-02
1.9999999 0.7899958 0.5094737 8.02627856-02 8.0262785€E-02
2.0999999 0.7654134 0.5562918 8.6119311E-02 8.6119311E-02
2.1999999 0.7389044 0.6046230 9.1122676E-02 9.1122676E-02
2.2993999 0.7105327 0.6538741 9.4894992E-02 9.4894992E-02
2.3999999 0.6804115 0.7033225 9.7092385£-02 9.7092395€-02
2.4999999 0.6487056 0.7521221 9.7457039E-02 9.7457039E-02
2.5999998 0.6156311 0.7993198 9.5864356E-02 9.5864356E-02
2.6999998 0.5814518 0.8438825 9.2352284E-02 9.2352284E-02
2.7999998 0.5464722 0.8847341 8.7123209E-02 8.7123209E-02
2.8999998 0.5110276 0.9208025 8.0516179E-02 8.05161 79E-02
2.9999998 0.4754718 0.9510731 7.2956217€-02 T.2956217€E-02
3.0999998 0.4401630 0.9746451 6.4893907E-02 6.48939Q7E-02
3.1999998 0.4054494 0.9907860 5.6749653E-02 5.6749653E-02
3.2999998 0.3716560 0.9989784 4.8873274E-02 4.8873274E-02
3.3999998 0.3390729 0.9989549 4.1523312E-02 4.1523312E-02
3.4999998 0.3079464 0.9907163 3.4864455E-02 3.4864455E-02



3.5999998
3.6999998
3.7999998
3.8999998
3.9999998
4.0999997
4.1999997
4.2999997
4.3999996
4.4999996
4.5999995
4.6999995
4. 7999995
448999994
4.9999994
5.1999994
5.3999994
5.5999994
5.7999994
5.9999993
6.1999993
63999993
6.5999993
6.7999993
6.9999993
7.1999993
7.3999993
7.5999992
7.7999992
7.9999992
8.1999992
8.3999991
8.5999991
8.7999990
8.9999989
9.1999989
9.3999988
9.5999987
9.7999986
9.9999986
10.199998
10.399998
10.599998
10.799998
10.999998
11.199998
11.399998
11.599998
11.799998
11.999998
12.199998
12.399998
12.599998
12.799998
12.999997
13.199997
13.399997
13.599997
13,799997
13.999997
14.199997
14.399997
14.599997
14.799997
15.000000

0.2784734

0.2507989

0.2250170

0.2011738

0.1792726

0.1592803

0.1411342

0.1247486

0.1100217

9.6840918E-02
8.5088283E-02
7.4644069E-02
6.5390212E-02
5.7212653E-02
5.0003048E-02
3.8089118E-02
2.8927412E-02
2.1919187€~-02
1.6579851€E-02
1.25244T9E-02
9.4515034E-03
7.1270635E~03
5.3711812£-03
4.0461296E-03
3.0469625E-03
2.2939652E-03
1.7267341E-03
1.2995802E-03
9.7799071E-04
7.3592195E~04
5.5373597E-04
4,1663346E-04
3.1346628E~04
2.3583943E-04
1.7743269E-04
1.3348871E-04
1.0042706E-04
7.5553298E-05
5.6839914£-05
4.2761348E~-05
3.2169758E-05
2.4201547E~05
1.8206966E-05
1.3697188E~-05
1.0304448E-05
7.7520704€E-06
5.8319045E-06
4.3873556E-06
3.3006173E-06
2.4830610E~06
1.8680114E~06
1.4053080E-06
1.0572155E£-06
1.9534493E-07
5.9833920E-07
4.5013148E-~-07
3.3863453€E-07
2.5475525E-07
1.9165274E-07
1.4418063E~-07
1.0846729€E-07
8.1600083E-08
6.1387864E-08
4.6182171€-08
3.4742750E-08

0.9745315
0.9509192
0.9206129
0.8845143
0.8436386
0.7990579
0.7518483
0.7030424
0.6535929
0.6043451
0.5560210
0.5092129
0.4643844
0.4218779
0.3819263
0.3101560
0.2492933
0.1987222
0.1573676
0.1239691
9.7257215E-02
7.6054716E-02
5.9324243E-02
4.6182923E-02
3.5897449E-02
2.7869371E-02
2.1616641E-02
1.6754T08E-02
1.2979068E-02
1.0049920E-02
7.7792279E-03
6.0200213€-03
4.6577113E-03
3.6031290E-03
2.7869873E-03
2.1555093E~03
1.6669925E-03
1.2891200€E-03
9.9686047E-04
7.7083432E-04
5.9604154E-04
4.6087531E-04
3.5635566E-04
2.7553626E-04
2.1304427E-04
1.6472437TE-04
1.2736307E-04
9.8475296E~05
7.6139446E-05
5.8869584E-05
4.5516769E-05
3.5192586E-05
2.7210121€E-05
2.1038235E-05
1.6266265E-05
1.2576686E-05
9.7239863E-06
7.5183473E-06
5.8129991E-06
4.4944660E~06
3.4750082E-06
2.6867889€-06
2.0773573E-06
1.6061600E~06
1.2418371E-06

2.8977959£~-02
2.3879015E~-02
1.9535873E-02
1.5887324E-02
1.2856827E-02
1.0362841E~-02
8.3257185E~-03
6.6718152E-03
5.3355553€-03
4.2601188E-03
3.3972589E-03
2.7066355E-03
2.1549143E-03
1.7148030E-03
1.3641142E-03
8.6275637E-04
5.4558054E-04
3.4511169E-04
2.1B42833E-04
1.3834852E-04
8.7698380E-05
5.5638407E-05
3.5328551€E-05
2.2451173E-05
1.4279202E-05
9.0888244E-06
5.7894372E-06
3.6904180E-06
2.3540257E-06
1.5025522E-06
9.5966017€-07
6.1328548E-07
3.9215102E-07
2.5088716E-07
1.6059334E-07
1.0284684E~07
6.5896065E-08
4.2240065E-08
2.7088075E-08
1.7378512E~-08
1.1153746E-08
7.1613673E-09
4.5997231E-09
2.9554400E-09
1.8995974E-09
1.2213622E-09
7.8553579€E~10
5.0538352E-10
3.2524108E-10
2.0936997E-10
1.3481684E~10
8.6834143E-11
5.5943534E-11
3.6051124E~11
2.3237728E-11
1.4982056E-11
9.6615942E-12
6.2319365E-12
4.0206018E-12
2.5944808E~-12
1.6745510E-12
1.0810171£-12
6.9799198E-13
4.5076471E-13
2.9115590E-13

2.8977959E-02
2.3879015€E-02
1.9535873E-02
1.5887324E-02
1.2856827£-02
1.0362841E-02
8.3257185E-03
6.67T18152E~03
5.3355553E-03
4.2601188E-03
3.3972589€E-03
2.7066355E-03
2.1549143E-03
1.7148030E-03
1.3641142€-03
8.6275637E-04
5.4558054E-04
3.4511169E~04
2.1842833E-04
1.3834852E-04
8.76983 80E-05
5.5638407E-05
3.5328551€-05
2.2451173E-05
1.4279202€E~05
9.0888244E-06
5.7894372E-06
3.69041 80E-06
2.3540257E-06
1.5025522E-06
9.5966017E-07
6.1328548E-07
3.92151C2E-07
2.50887 16E-07
1.6059334E-07
1.0284684E-07
6.5896065E-08
4.2240065E-~08
2.70880175E-08
1.7378512E-08
1.1153746E-08
7.1613673E-09
4.5997231E-09
2.95544C0E-09
1.89959 4 E-09
1.2213622E~09
7.8553579€~10
5.0538352E-10
3.,25241C8E-10
2.0936997€E-10
1.3481684E-10
8.6834143E-11
5.5943534E-11
3.6051124E~11
2.3237728E-11
1.4982056E-11
9.6615942E~-12
6.2319365E-12
4.0206018E-12
2.59448C8E-12
1.6745510E-12
1.0810171E~12
6.9799198E-13
4.5076471E-13
2.91155%0€E-13
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PLOT QF UCRB VS RHO
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ANC FFCI VS RHO

FFCR,

FESIT,

PLOT OF FFSR,
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RUN NUMBER 1

THETA
5.1800000
7.7700000
12.950000
15.530000
18.120000
20.710000
23.300000
25.870000
31.030000
36.180000
38.800000
41.330000
46.460000
51.580000
54.100000
56.690000
61.790000
66.870000
69.400000
71.940000
76.990000
82.030000
84.500000
87.060000
$2.060000
97.060000
99.500000
102.03000
106.99000
111.94000
114.40000
116.87000
121.79000
126469000
129.10000
131.58000
136.46000
141.33000
143.80000
146418000
151.03000
155.87000
160.71000
165.53000

RUN NUMBER 1

VBN VNP WN~O
-

RUN NUMBER 1

V@NCVMP W=D

50

ETAlL
0.4480361
0.4379155
0.3556473
0.4753954
0.2648722
0.8105661
0.9453498
0.9831820
0.9947520
0.9983620
0.9994903
0.9998424
0.9999521
0.9599860
0.9$99962
0.9999990

EXAMPLE 3

EXAMPLE 3

EXAMPLE 3

DSIGMA EX
1570.0000
235.00000
26,237000
13.502000
8.7079999
6.4939999
9.9999999E 28
2.0410000
©.9090000
0.3710000
9.9999999E 28
5.4599999E-02
0.1010000
0.2510000
9.9999999E 28
0.3630000
0.3740000
0.3210000
9.9999999E 28
0.2310000
0.1360000
7.5999999E-02
9.9599999€ 28
4.7999999£-02
4.4999999€E-02
5.1999999E-02
9.9999999€ 28
5.7999999E-02
6.0999999E-02
5.1999999-02
9.9%99999€ 28
4.3000000E-02
3.3999999E-02
2.8999999£-02
9.9999999E 28
2.7000000E-02
2.7C00000E-02
2.8C00000E-02
3.9999999E 28
2.8000000E-02
2.8599999E-02
2.7000000E-02
2.5000000£E-02
2.6000000E~02

REAL C(L+1/2}
0.1797416
0.2075140

-2.0074445E~02
-0.2027441
5. 313009202
6.T871674E-02
2.1710433E-02
6.2823109E-03
1.7717289E-03
449349798E-04
1.36238206-04
3.6857079€-05
9.6379640E-06
2.5497T06E-06
7.9680026E-07
3.2539769E-07

ETA2
0.4501087
0.4058420
0.3988733
0.1945364
0.4819713
0.8303732
0.9467389
0.9832842
0.9947597
0.9983626
0.9994903
0.9998424
09999521
0.9999860
0.9999962
0.9999990

SILICON 28 (P,P) E=18.82

DPOL EX
1.0000000€ 30
1.0000000E 30
1.0000000E 30
2.0000000E~02
1.0000000E 30
1.0000000€ 30
2.5000000E~02
1.0000000E 30
2.0000000E~02
1.0000000€ 30
2.8000000E~02
1.0000000€ 30
3.9000000E~02
1.0000000€E 30
2.1000000E~02
1.0000000E 30
440000000E~02
1.0000000E 30
2.2000000€~02
1.0000000E 30
4+ 9000000E~02
1.0000000E 30
2.7000000E~02
1.0000000E 30
346000000E-02
1.0000000E 30
3.8000000E~02
1.0000000E 30
3.4000000E-02
1.0000000E 30
2.8000000E~02
1.0000000E 30
4,0000000€E~02
1.0000000E 30
4.8000000€E-~02
1.0000000F 30
5.1000000E~02
1.0000000E 30
4.4000000E~02
1.0000000E 30
3.9000000E~02
449999999E~02
1.0000000E 30
449999999E~02

SINGLE CASE

CHI SQUARE SIGMA

CHI SQUARE POL

CHI SQUARE TOTAL

1.6701521E-04 0 1.6701521E~04
1.8094685 0 1.8094685
8.5491178 0 8.5491178
18.451677 5.2245340 23.676211
20,228483 [} 20.228483
11.210165 0 11,210165
0 11.735032 11.735032
84.387260 0 B84.387260
26.904341 5.3543460 32.258686
6.7721179 0 6.7721179
0 1.5527248 1.5527248
29.633835 0 29.633835
26.285394 1.7292219€-04 26.2855€7
12.785007 0 12.7850C7
0 6.4691650 6.4691650
4.5297294 [} 4.5297294
2.1303302 4.8295689 6. 6598990
0.5194812 0 0.5194812
0 11.223739 11. 223739
0.1262237 0 0.1262237
0.8141308 3.71934C9 4.5334716
3.2148749 0 3.2148749
0 22.892849 22.892849
5.8095114 0 5.8095114
0.9741228 6.0234771 4.5575998
0.1659592 0 0.1659592
0 17.7485C3 17.748503
1.3828310 0 1.3328310
2.6432534 5.1873049 7.8305584
0.9485278 0 0.9485278
0 9.0660667 9.0660667
3.9958048E-02 0 3.9958048E-02
0.5344959 0.5723782 1.1068741
1.5125345 0 1.5125345
0 1.5345369 1.2345369
0.4425374 0 0.4425374
2.4103834€E-02 8.5065722 8.5306760
1.0702793 0 1.0702793
0 20.936991 2C.936991
2.1657975 0 2.1657975
3.2561616 29.575546 32.831707
0.9643456 18.734368 19.698714
0.1866749 0 0.1866749
5.4837246E-02 3.5232337 3.£5780709

SILICON 28 (P,P} E=18.82

IMAG ClL+1/2)
0.6337050
0.4301398
0.3233131
0.3759233
0.3786884
0.1004405
2.7823952E-02
8.4491352€E~-03
2.6271696E-03
8.1922075E-04
2.5487865E-04
7.8806739E-05
2.3940782E-05
6.9950169E-06
1.9177817E-06
4.8349122E-07

SILICON 28 tP,P} E=18.82

SINGLE CASE

REAL CtL-1/2)
0.1993897
0.1424520

-0.1707857

-6.9572725€E-02
0.1061343
5.8032002€E-02
1.9809761E-02
5.9807702E-03
1.7235118€-03
%.8564087E-04
1.3494133E-04
3.6632877E-05
9.5954361€£-06
2.5415491E-06
7.9584671E-07
3.2022431€E-07

SINGLE CASE

DELR 1-DELPR

IMAG C(L-1/2)

0.€C43705
0.3554857
0.3570086
0.5679760
0.2836448
8.£8889C6TE-02
2.7C45244E-02
8.3943006E-03
2.6231314E-C3
8.1€91522E-04
2.5485 252E-04
7.8802394E-05
2.3939455E-~05
6.5558642E~06
1.9186472E~06
4.8272232E~07

1.1051825
0.6230305
3.0850273
2.6307878
0.2063998
8.4130075E-02
2.2973585g-02
6+3899479E-03
1.7810798E-03
4.9430771E-04
1.3630768E-04
3.6862889E-05
9.6384255E-06
2.5498063E~06
7.9680331E-07
3.2539800E-07

DELPI DELR2-DELMR DELMI
0.4014407 1.0265136 0.3991330
0.4128646 0.3891C59 0.4508957
0.5169078 2.6275221 0.4595557
0.3718042 ¢+ 1.9692993 0.8185679
0.6642540 0.2280319 0.3649354
0.1050112 7.0116233€E-02 9.294G025€E-02

2.8100132E~02
8.4805076E~03
2.6309259E-~03
8.1965046E~04
2.5493071E~04
7.8814727E~05
2.3943013E~05
6.9961441E-06
1.9185281E~06
4.8428797E-07

2.0530320E-02
6.08259346-03
1.7225945E-03
4.8643740E-04
1.35010148-04
3.6638651¢€-05
9.5958955E-06
2.5415847E-06
7.9584977£-07
3.2022462E-07

2.7365980F-02
8.4285667E-03
2.62703876-03
8.1935194E-04
2.5490462E -04
7.8811001€-05
2.3943013E-05
6.9961441E-06
1.9222535€E-06
4.8428797E-07
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PLOT OF POLEX AND POLTH VS THETA
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PLOT OF SGMAEX AND SGMATH VS THETA (DEG)
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SCATLE FORTRAN Listing

$IBFTC CIRL4 LUST sDECK
CeseesPAGE TiTL iN6 INFURMATION
COMMUN/PTI/NUMRUN, TETLE(13)
CoeeeesINUICATIRS FOR INCREASES IN RHOMAX AND LMAXM
CUMMUN/PCH/ NAOUL, NAUR, NTOT
CoeeeesSCATLE CUNTRULS
CUMMUN/CNTR/KOUT,y KSENDy KTRL{L3), KTRLTI13), KTRLX(13)
CeeoesVARIABLES USEU IN ARGONNE SEARCH PROGRAM
COMMUN JAGN/L(12,10)y DELTA, E» EL, FAC, FBy FO, GB{12), GS, GSBy
LGSPy GS$Sy GTPy GTT, H{12412)s LTy KSTEP, LV, LS,
2My MLy MS, Ns NL, NSy NSSuls NSSW2s Q¢ RSS,5(12), SLs T(12), TO,
3VAy VF, VFPy VG(LZ2)y VOGP{12)s VPs X(12)4s XP(12),2
CeewaoSCATLE INPUT AND QUTPUT VARIABLES WHICH ARE FUMCTIONS OF THETA

COMMUN /THL/UPOLEX(150)y DSLMEX(150) s JMAX, POLEX{150)s POLTH(L150),

LSUGMAEX{15C)s SOMATH(L50), THETA(150), THETAD(150)
CeeessGRIUD VARIABLES

CUMMUN /GUV/TRI s TRSy TVO, Twls TAS, TVS, TWS, TAI, TwVI, TAO, TRO,

1TVSOUD oNR Ls NRSs NVU, NWiy NAS, NVS» NWS, NAI, MVI, NAQs NRO,
2NVSODD UR 1y DRSy DVUy DwWl, DAS, DVS: OWS, DAL, CWVIi, DAO, DRU,
30VvS0uo
CeeeeeSLATLE PARAMETERS
CUMMON /PARA/RL sy RSy VU, WI, ASy VS, WSy AI, WVI, AGCy, RO, VSOOD,
INAME({ 1 2)
COMMUN /ZLIND/LMAX, LMAXM
LesoseVAR [ABLES TO bE PLUTTEDL IN PTETODL
CUMMUN /PTPL/AETAL (510, AETAZ2(51), UELRLI(51), DELR2(51)
DIMENSIUN SER{12)y TSER(LZ2) ,TPAR(LZ)
EQUIVALENCE (K1,5ER), (TRI 4 TRAR}
CaLL SAND (LX)
NUMRUN=C
KTRL(132)=1
CeeeeedET UP INPUT DATA
3 LALL INPT4($38)
CooeoeelUMPUTE JULANTITIES NUT DEPENDENT CN NUCLEAR PUTENT IAL PARAMETERS
CALL SIoZry
CALL FSULBL
CALL RFUTB

NADL=1

NADR=1

NUMRUN= NULMRUN+1
CALL SKIP

LaeesoslHELK Khuy AND L IN NUCLEAK PUTENTIAL
CALL PCTLCH(S 38)
IF{NTUT.5T2ICALL SKIP
KUuT=0
KNSAVE= KSTgP
ITF(KSENDLEQel) GU TU 8

CesseelNITIAL UuTPUI
CALL JLTP T4
IF{KSEND.NE«3)CALL SKIP

8 LONTINLE

LaeosoeSET UP DU LUUPS FUR GRIU UN NULCUCLEAR POTENTIAL PARAMETERS

Ri= TR 1]

DU 33 IR1=1sNR1

LFUIR 16T ek} RI= RI+DURI
RS= IR

DU 33 IK>=LsNRS
IFCIR S GT o LIRS= KOHURS
vo= Tvu

Vw0 33 ivo=l.NVU
IF(IVO ol ol) VO= VU+OVU
wi= Inl

VU 33 Iwnl= LsNwl

Ccl—3aa010
01—0020
01--0030
01—0040
01—0050
01—0060
01— 0070
01—a0c80
01— 0090
01—o0100
01—0110
01—0120
01—0130
01—0140
01—0150
01—0160
01-—0170
01—0180
01—0190
01— 0200
01—0210
01—o0220
01-—0230
01-—0240
01—0250
01-— 0260
01-—0270
01—0280
01— 0290
01—0300
01—0310
0l1—0320
0l-—0330
01—0340
01—0350
01—0360
01—0370
01—0380
01— 0390
01— 040¢C
01—0410
01— 0420
01— 0430
01— 0440
01--0450
01— 0460
01—0470
01— 0480
01-— 0490
01—0500
01—0510
01—0520
01—0530
01— 0540
01—0550
01— 0560
01——0570
01— 0580
01—0590
01— 0¢€00
01— 0é10
01—0620
01— 0€30
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IF( 1wl «GTal) Wl= nl+DWl
AS= TAS
DU 33 1IAS= 14NAS
{F{IASGT 1) AS= ASH+DAS
VS= JvS§
DU 33 IvS=1,NVS
IFCIVSSGTal) vE= VSHLVS
nd= Tns
DG 33 lw3=1,NWS
IF(1W>.GTal) WO = WS+UWS
Al= TAI
VU 33 1Al= LyNAIL
IE( AT 6T 1) Al=AL+DAI
Wvl= ThVil
DU 33 Iwvi= LyNnVvl
IF{InuvVieoTal)nwVvi= nvli+0nwvi
Au= TAdJ
DU 33 1AO=1,NAC
IF(IAO .GT. 1) AU= AutvoAd
RU= TROU
DU 23 IRU=1,NRU
IF(IRU LT 1) RU= RU+DRU
vSUvu= TVsuuu
DU 33 1vSUUDL=1NVSuLD
1EC VSOV LGTal) VvSUDU = VSGCDL+DVSOLY
LU TU (189107413 4i5)y RSEND
CoeseaadUTPUT PARAMETERS FUR CUMBINATICN GRID AND SEARCH
12 wRITE(E,4,20)
20 FURMAT(1HL)
CALL POLT
DU L4 I=1,12
14 TSER(IL}I=SER(L)
15 KSTEP= K>AVE
CoeoweelNTER SEARUH SUBRUUILINES
CALL ARGN
17 CALL PUTLLH{$33)
1€ LALL P(EN4
CoeseeelNTEuRATE KAUVDIAL EQUATILIUNS
CALL INTCTR($33)
CeeeeslUMPULUTE VARIUUS SCATIERING AMPLITUDES
LALL CSUSBL
LALL Au
CoaeeeolUMPUTE LRUSS SECTIUNS AND POLARIZATIONS
CALL SGSecCP .
CALL SIuoMAR
ITF(KTRL(Z2) aNE- Q) LALL CHISY
GU TU (23933921 925) 9 KSEND
21 V0 23 I=l,12
23 SER(I)=T5erR{1)
28 KUuT=1
CeeweoFINAL CuTPUI
28 LALL JtIP T4

CeoseealUMPUTE, LLTPUT,y AND PLGOT TRIPLE SCATTERING PARAMET ERS

IFIRTRLX{LL) «NEaU) CALL TRIPS
CeeaeePLUl PHASE SHIFTS

IF{RTRLX( 2)eNEw CaAND S KTRLIB) o NEL)CALL PTETODLUAETAL,AET A2, CELR1,

LWELRZs LMAX)
CeeasoPlLUT CRUDS SECTIUNS AND POLARLIZATIUNS
CALL PISCAT
332 CUNTINLE
DO 35 1=1,142
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01-—0é640

01--0€50
01—0660
01—06&70
01— 0680
01— CE€90
01--0700
01—0710
01——0720
01—0730
01— 0740
01—0750
01—0760
01—0770
01—0780
01—0790
01--0800
01—0810
01-—-0820
01—0830
01— 0840
01--0850
01— 0860
01— G870
01— 0880
01— G890
01—0900
01--0910
01—0920
01--0930
01-—0940
01— 0950
01— 0960
01—0970
01— 0980
01—0C990
01——1000
01—1010
01--1020
01--1030
01— 1040
01—1050
01—1060
01—1070
01--1080
01— 1090
01--1100
01——1110
01— 1120
01—1130
01-—1140
01--1150
01— 1160
01—1170
01--1180
01--1190
01-—-12C0
01--1210
01—1220
01—1230
01--1240
01--1250



35 SER(I1)=TPAR(I) 01—1260

38 GU Tu 2 01—1270
END 01— 1280
$IBFTL PuUll LUST yUECK 02--001¢
SUBRULTINE POUT 02—0020
CaseeaosSLATLE PARAMETERS 02--0030
CUMMUN/PARA/PAR(LZ2) sy NAMEA(LZ2) 02--0040
DIMENSION 1P0O(L2) ¢ NAMU(L2),y PAROG(L2) 02--0050

UATA (IPU(L1)4I=1912)73+44310511,989L+697195+2912/ 02—0060

UATA (NAMU(L ) 1=L,412) /76H vG,6H wls6H AQ,6H RO, 6H WVI02— 0070

ly OH A‘.ybH K‘.'bH VS sOH NS:bH AS 16H RS’6H vSopb/ 02—0080
CeseedUUTPUT SLATLE PARAMETERS 02——0090
DO 15 I=1,12 02—0100
J=1P0O( 1) 02--0110

15 PARUL T )=PAR(J) 02——-0120
AR1TE(€,10) (NAMOLL ), ,PARULL) yI=1,412) 02—0130

1O FURMAT(LHK dA0 9 lH=4POL1 4 743 {4 XyA041H=014.7) 02—0140

1/ 1HJdy 21X 3{ 44X A6 lH=0 LG T) +2( /LHJU)Ab ylH=014T7,3(4Xy ALy LH=G14.7))) 02-—0150
RETURN 02—--0160

ENU 02--0170
$IEFTIL INPT4 LOST,DECK 03—001¢0
SUBRULTINE INPT4(*) 03—0020
CoseeaPAGE TITL INUG INFJURMATION 03—0030
CUMMUN/ZPTI/NUMRUN, TLTLE(LS) 03—0040
CaaeaedLATLE CUNTRULS 03—0050
CUMMUN/ZUNTR/KUL Ty KSEND s KTRL(L13), KTRLT{L13), KTRLX{13) 03—0060
CaeceesVARIABLLYS USED IN ARGUNNE SEARCH PROGRAM 03—0070
COUMMUN/ZALN/UL L2+40)y UELTAy Eo ELy FAL, FBye FOs GB({1l2)s GSy GSBy 03—0080

loSPy 6SSy UTPy GTT,y HULZ2412) s 1T, KSTEP, LVy LS, 03— 0090

24y Mls MSy Ny NCy NSy NSSWLys NSSW2e Qs RSSS(12)s SiLy T(12)e TO, 03——0100

3VAy VFs VFEPs Voll2), VoP({12)y VPs X{12)y» XP(12),4¢ 03——0110

L oeeeesAUXIL IARY SEARCH VARIABLES 03—-0120
CUOMMUN 7ALV/DEL(L2), TL(L2)y 1INy KUOLMAXy LABEL(13), NHP, NMLR, 03—0130
INPLT, NPLTPe PLT 03— 0140
CoeeweoetNERGYy MASSy AND CHARGE [NPUT VALUES 03—--0150
CUMMUN/EMCV/ELAB, +MB, FMLl, FMU, RC, ZZ 03— 0160
CeoeessdJTHER SLATLE VARIASLES 03—0170
LUMMUN /ML SC/ELM, ETA, £TAZ2, FKAY, FKAYA, FKAYB, RHOBC, RHOGBN, 03—0180
IRHUBNG sy SIOGMAO, SIGMAL, TEMP 03—0160
CUMMUN/LINUO/LMAXe LMAXM 03—0200
CevsseuRID VARIABLES 03—0210
LUMMUN /GDOV/TRIy TRSy, TVOy TwWle TAS, TVS, TwWsS, TAl, TWVI, TAO, TRO» 03— 0220
LTVSUUDD JNR Iy NRSy NVO, NWIEI s NASe NVSy NWS,s NAL, NMWVI, NAO, NRO, 03—0230
INVSUUU JUK [y DRSy DVUys DKWL DAS, DVS, DWSs DAIL, CwvIis DAO, DRO, 03—0240
Juvsuuy 03— 0250
CaoecessdATLE PARAMETERD 03—0260
CUMMUN/PARA/RI 9y RSe VUy wly ASs VSs WSy Ale WVYIs AC, RO, VSOO0D, 03—0270
INAMEL 12} 03—0280
CaseeeSCATLE INPUT AND UUTPUT VARIABLES WHICH ARE FUNCTIONS OF THETA 03— 0290
CUMMUN /TAL/UPULEX({190) y DSGMEX{L150), JMAX, POLEX(150), POLTH{150), 03— 0300
ISOGMAEX(15C)sy SGMATH(L50)s THETA(L50), THETAD(150) 03—0310
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CoeseasVARIABLEY USED IN RHUTSH

CUMMUN/RHL/DKHOIN.G 9) s NMAX, RHOIN(10)

CeeeesVARIABLES CUMPUTED IN PGEN4 (NUCLEAR POTENTIAL TERMSI)

CUMMUN /PO U/FLP T yULRB (250}, UCIB(250), ULRM(250), UCIM 250),
LUSKB(250), USIB(250)y USRM(250), USIM(250)

CaoesooSLATTERING AMPLEITUWES AND ADDITIGNAL CRGSS SECTIONS
CUMMUN 75ALS/AAL{L150) yAR(L50)» BI(150), BR(L150}, FCI(150)y FCR{150}03—0380

1y SbMAC(15C)y SILTEM(L50U) s SRATIC(150)

CeeosoolHI SJILARESy NORMALIZATIUN CONSTANT, AND SIGMA REACTION

CUMMUN/CSQ/LRT 25T, CHIZPT, CHIZ2T, SUMS(16)s CHI2S5(150),

IWHIZ2P( 1500y C HIZL150) s ENORM, SGMRTH, SNORM, XNGCRM,NP,CSNRM,NCSN
INTEGER >RLH

LuoclCAL ¢Sl

UIMENS IUN DELL(L12), DPAR{LZ)y HD(12) s KLEL13)y KT(13)s KX(13),
INPAR( LZ)e PAR{L2), SRCH(1l2), TPAR{12)

EQUIVALENLE (KLyKIRL) y (KT yKTRLT)y (KX KTRLX},

HPARYR 1)y (TPAKSTRI)y (NPAK,NRL), (DPARyURIL)

VATA(RG(L ) 91=1912)/72%. 00001 32%.005 500001 42%.001,.00001,.001,
12%.C0CC1ly o001/

DATA(OELI(L)31=1912)/2%e00C1+2%20U1 4.0001+2%.001+.0001.001,
12%¥.0001,.001/

NAMEL 1 ST/KTR/KLy KTy KXy XNURM, NP

NAMEL { 5T/PEL/FML, FM3, ELAB, ZZ4 RC,y, V3, AUy, ROy, Wiy, WVI, Al, RI,
IV>Sy wSe ASs RSy VSUDD

NAMEL [ ST/GRL /DRIy URS, DVO, Uwly DAS, DVS, DWS, UDAI, DWVI, DAO,
LURUy OV5JUDsNRI, NRS, NVU, Nwls NAS, NVS, NWAS, NAI, NWVI, NAG,
2NRUy NVSODLD

NAMEL [ ST/RHI/NMAX, LMAXM, RHUIN, URHOIN

NAMEL I ST/SCHI/Cy UELTA, £, FAC, Hy KSTEPy Ns» NCy» NHPy, NSSW1ly NMLR,
INPLTy PLT, ORULH, vP

NAMEL IST/ZTSP/LSlGy DPULEX, DSUMEX, DTHs JMAX, JCPT, POLEX, SGMAEX.,
ITHETAD, THI, THF

IF(KL{ 1Z) eEde 0) GU Tu 11

CoesewedNITIALIZE INPULUT VARIABLES
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DO 5 1=1,13
Ki(l)=C.
KT{1)=(.
KX{I)=C.
CUNTINLCE
KL{l)=1
KLi2)=1
ni{3)=1

NPAR( I )=1L
DPAR{ I )=U.
CUNTINLE
JUOPT=0

LSIG= FALSES.
XNuRM=1,

NP=0

NMAX= 2
LMAXM=¢25
RAUINT 1)= <05
RHUIN(Z)= <5
REGIN(Z2)=¢25.
DRHUJIN(L)=+05
DKRULN(Z)=.5
vTH=0.

03-—0320

03—0330
03—0340
03--0350
03—0360
03--0370
03— 0390
03—040C
03— 0410
03—0420
030430
03—0440
03—-0450
03—-0460
03—0470
03— 0480
03— 0490
03— 0500
03--0510
03--0520
03--0530
03—0540
03-—0550
03--0560
03—0570
03—0580
03——0590
03— 060C
03—0610
03--0€20
03—0630
03— 0640
03— 0650
03— 0660
03—0670
03—0680
03— 0690
03—0700
03-—-0710
03--0720
03--0730
03--0740
03--0750
03—0760
03—-0770
03—0780
03—079C
03—0800
03--0810
03--0820
03—-0830
03--0840
03--0850
03--0860
03—0870
03—0880
03— 0890
03--0900
03—0910
03—0920
03—0930




CoeeeseREAD TITLE ANU CUNTRULS
L1 REAU(S5,1U) TITLE
1C FURMATI{L3A6)
READ(5+KTR)

CooseosELIMINATE INCUNSI STENT LSE UF KX(7)
IF(KLL 1) EWde24ANDKX(T)ebWda2)I0X(T)=1
LocooeakMOVE POSSIBILITY GOF NURMALIZING SGMAC

IFIKX( Z)eEJdel) KX(5)=U
CeeneeedET UP SIGMA NURMALIZATION
IFUKA{E)eEWe 1) SNORM=XNURM

CoonaedET UP INTeKNAL PROGRAM CUNTRLCLS

KSEND= KT(1)
FLPT = KX{(S)
KULMAX=1
KDLM=0
NCSN=3
DO 13 K=4,13
13 KDOLM=KDLM+KT(K)
IF(KDLM.EQLO0) 6O TU 18
KDLMAX=2
NCSN=1¢

KOLM=K T(O)+KT(B)+KT(LO)+KT(12)

ITF(KULMLEYLU) KDLMAX=3
18 CUNTLINLE

LoeessREAU SCATLE PARAMETERS ANV ENERGY, MASS, ANU CHARGE VALUES

REAUV( 5,PET)

CO02 = FMI1+FMB

FMu= (FMLI=FMB)/C02

ECM= ELAb*{(FMB/CUOZ)

FRAY=4 18739 *SQRTIFMUXECM)
TEMP = FKAY®{FMB%*%¥,33333333)

ETA=4 157481 *LL4¥S5QRT(FMl /ELAB)

ETAZ2= ETA%x%/2

RHUBL = TeMP*K(

DO «3 I=1412

TPAR({1)= PARI(I)

23 CUNTINLE

LeeesesoREAD GLRIU VARIABLES

LECROEND et WeldolURSKSEND «EWe3)
CeeeeseREAD INTEGRATIUN UATA

REAU(S5RAT)

READ(5,GRI)

ConeeadNPUT Fuk KNEE AND TALL VARIATICNS

CALL PONIN

CaaeeedNITLIALIZE ANU ReAO IN SEARCH VARLABLES

KDR =0

LE(KSENV«LTs3) GU TO 48
KSTEP=C

NC=0

NSSwl=1

NHP =5

NMLR=5

NPLT=5

PLT=.5

E=.1

VP =0.

FAL= - 1.

DELTA=1.

REAULS5,5C0HI)

DU 45 1=14N

Uud 33 K=1,12
IFINAME(K ) cEQ«SRCHIL) ) GO TO

35

03—0940
03—0950
03--0960
03—0970
03—09%80
03-—-0990
03-—1000
03—1010
03—1620
03—1030
03——1040
03-—1050
03--1060
03— 1070
03—1080
03--1090
03--1100
03—1110
03—1120
03—1130
03——1140
03—115¢C
03-—1160
03—1170
03—1180
03--1190
03—1200
03--1210
03—1220
03—1230
03—1240
03-——1250
03—1260
03—1270
03—1280
03-—1290
03—1300Q
03-—-1310
03—1320
03—1330
03——1340
03—1350
03—-—1360
03——1370
03--1380
03—1390
03—1400
03—1410
03-—1420
03—1430
03——1440
03——1450
03—1460
03——1470
03-—1480
03— 1490
03—1500
03—1510
03—1520
03— 1530
03— 1540
03——1550
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33 LUNTINLE 03--1560

WRITE(€420) SRCHI(I) 03—1570

20 FURMAT(iHKAbs44H 1S NUT A SCATLE PARAMETER. GO TO NEXT CASE) 03—1580
KDk=1 03--1590

LU Tu 48 03--1600

35 ID(1)=K 03—--1610
LAptL { 1)=NAME (K) 03—1620
DELCIL)= DELL(K) 03—1630

VU 38 J=I,N 03— 1640
LF(FAC NEoQs) HUI4)=0. 03—1650

38 HlJyI)= H(I,J) 03— 1660
LF(FAC) 414945443 03—1670

41 H{lyi)=HD(K) 03— 1680
GO TU 44 03—1690

43 HUlyel)=FaL 03--1700
44 DELTA=DEL TA*H(I 1) 03—1710
45 CUNTINLUE 03—1720
IF{NPCT . TLL0INPCT=10 03—1730
NPLTP=NPLT+1 03—1740

48 CUNTINLE 03—1750
CesessREAD EXPERIMENTAL DATA 03—11760
LFIKL( Z2)eEQe0) GU TO 03 03— 1770
KLl 3i=C 03--1780
REAV(S5,T5P) 03—1790
IF(UTFEW0. )60 TU 53 03--1800
J=U 03—1810

51 Jd=Jd+i 03—-1¢820
Ad=J-1 03——1830
THETAU(J) =THI +D TH*AY 03— 1840
IF(THETAD (J) e LT THF tANDLJ. LT 175)G0 TO 51 03—--1850
JMAX=J 03—1860

£3 DO 58 Ju=lsJMAX 03——-187¢C
IF(JUP ToNELUIREAU(S5,50) THETAD(J), SGMAEX(J)y DSGMEX(J)y POLEX(J)},03—1880
PULEXTY) 03—1890
5C FORMAT(8E10.0) 03—1900
THETA(J)=.CLT4532625% THE TAD (J) 03——19510
CooeeoCUNVERT FRUM MILLIBARNS TU SWULARE FERMIS/STERAD 03—1920
IF( NI TLSIL) 6O Tu 58 03—1930
SGMALX(J) =« 1*¥SGMaLK(J) 03—1940
UDSUMEX(J) = J1%¥0DSoMEX(J) 03—1950

5& CUNTINLE 03—1960
CONKM =JMa X—NP 03—1970
LI JFALSE. 03—1980

63 IF(KX(Z).NE.O)GU TO 63 03—-1990
DU 05 J=1s,JMAX 03—2000

65 SIGTEM(J)=USUME X{ J) 03-——2010
6& IF(KLUREQeLIRETURN 1 03--2020
KRETURN 03—2030
ENU 03—2040

$IBFTC SI16ZRC LUSTLECK 04—-0010
SUpRUL TINE SIGZRJ 04— 0020
04—0030

LaseesUTHER SLATLE VARIABLES
CUMMUN /ML SL/elM, ETA, ETA2, +KAY, FKAYA, FKAYB, RHOBCs RHOBN, 04— 0040
IRHUUBNGy >IuMa0y >LOMAL, TEMP 04— 0050

CeeessLUMPUTE LUULOMB PHASE OSHIFT FOR L=0yl 04— 0060
SLoMAO=~(ETA/(L2. UX(ETA%:%2+16.0))) % (1 0+(ETA*%¥2-48.0)/(30.0%({ ETA*04—0070
12410 CI13F2) )+ (ETA*%4—160. 0F(ETA¥¥2) +1280.01/ (({ L6 LO+ETA*%2 ) %% 4)*]1 04— 0080

58



205401 ) 04— (0090
SIVMAGC=SIOMAO-LTA+(ETA/2. 01 %ALGLAETA*%24]16.U) +((T.0/2.0)*ATAN(ETA/04— 0100

14.0) )= (ATAN(ETA)+ATAN(ETA/2. C)+ATAN(ETA/3.V)) 04—0110
SLoMA L=51 GMAO+ATAN(ETA) 04—0120

11 RETURN 04——0130
END 04—0140
$IBFTC FSuBC LOST JDECK 05—-0C10
SUskUDULINE FSUBC 05—0C20
CoeeoesUTHLR SCATLE VARIABLES 05—~——0C30
CUMMUN/MI SU/ECMy, ETA, ETAZ2, FKAY, FKAYA, FKAYB, RHOBC, RHOBN, 05—-0040
IRHUBNGy SIUMAO, SILGMAL, TEMP 05— 0050
CeoeeodLATLE INPUT AND OLTPUT VARIABLES wHICH ARE FUNCTIONS OF THETA 05—-0C60
CUMMUN/TH1/0PUGLEX(L50) y VDSOMEX(150) s JMAX, POLEX(L50), POLTH{150)s 05——0070
LSUMAEX(150)y SGMATH(150), IHETA(1l50), THETAD(150) 05—0¢C80
CoveeosSLATTERING AMPLITUUES AND ADUITIGCNAL CRGSS SECTIONS 05—0090
CUMMUN Z/SALS/AL(150) s AR(LS500, BI{150), BR(150), FCI(150}), FCR{150)05—0100

1y SUMAC (LoC)y SIGTEM{L50) , SRATIU(150) 05——0110
CoooesCUMPUTE CUULUMB SCATTERING AMPLI TUDES 05--0120
DU L0 J=1lyJMAKX 05--0130
SN=(SINTHETA(J) /2. 0} ) %% 05—0140
FLN=ETA®(ALUG(SN) )—2. 0%516MAQ 05—0150
FNU=ETA/(2.0%FKAY® [ 5N)) 05—0160

23 FLREJDI=(—FNJI*CUSIFLN)) 05--01170
10 HCL{J I =(ENORXSIN(FLN)) 05--0180
¢7 RETURN 05--0190
END 05——0200
$IBFTL RHUTS LUST  DELK 06—0010
SUBRULTINE RHAUTB 06——0020
Laovese VAKIAGLEDS USED 1IN RHUTS 06— 0030
COMMUN /K U/URHUINC 9) y NMAX, RHOIN(1Q0) 06— 0040
CeeneeVARIAZLES CLUMPUTED IN RHUTH 06~—0050
CUMMUN 7RkA T/ORHULy ORHU(249)y IFIRST, [LAST, RHO(250), RHOMAX 06—0060
CeooesdENELRATE ARRAY UF RHU VALUES 06—0070
DRHUC I }=UrRHUIN(L) 06—0080

RAul L) =RHuliN(Ll) 06—--0090

NN=1 06— 0100

=1 06—0110

¢0 RHU(I+1)=RAUII ) +ORHULININNI} 06—0120
1F (RHAUCL +1)-RHUININMAX) ) 30,50,70 06——0130

3C 1F(ADSIKHULI+L)-RAUININN*L) )—a5%DRHUOININN) }35,35,40 06—0140

35 NN=MINCINN+L,NMAX-1) 06— 0150

40 URHU{ L +1)=URHUINI{NN) 06—0160
i=1+1 06——0170

GU Tu &0 06—0180

50 1LAST=1+]1 06—0190
6C RHAJ{ILAST ) =RHUININMAX) 06— 0206
DRHUC TLAS T=1)=RAU{ILAST)~RHO(ILAST-1) 06—0210

RHUMA X =RHU LN (NMAX) 06—0220

DRHUL =DRAJIN{NMAX—-1) 06— 0230

83 RETURN C6— 0240
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1C IFU(RHCUL +L)=RHUIN(INMAX) )=o5%DRHCIN(AN) )50 450,75 06— 0250
15 ILAST=1 06— 0260
U Tu ¢€d 06—0270

cND 06—0280
$ABFTIC d>KP LUSTyDECLK 07—0010
SUBRUL TINE SKIP 07—0020
LeeeaolALE TITL Inv INFURMATE UON g7—0030
CUMMUN/PTI/NUMRUNy TETLE(L3) C7—-0C40
CeseeedkIP TU NEXT PAGE, wrRITE RUN NUMBER ANLC TITLE 07——0050
WKITeE( 6, 650)NUMRUN, TT TLE 07--0060

E5C FURMATUIA Ly LOHRUN NUMBERI 3+410Xs13A0) 07—Q0070
KETURN 07-—-0080

ENU 07——0090
$IBFTL PUTLICH  LUsT.DECK 08--0010
SUsrubLTINE PUTILICHI(*) 08——0020
CoeosesVARIABLES (uMPUITED IN RHUTY 08—0030
COMMON 7 T/DRHUL e URHU{249)y IFIRSTy ILAST, RHO{250)y RHOMAX 08—0C40
CesvassUnvERGENLE LRITERIA . 08—0050
COMMUN/CUNV/EPSL,y EPSZ,y EPS3, EPS4 08—0060
CUMMUN/LLIND/LMAX, LMAXM 08——0070
CeeeaasUTHER SCATLE VARIABLES 08--0080
CUMMUN /ML 5C/ELMy ETAy ETAZ, FKAY. FKAYA, FKAYB, RHOBC' RHU BNy 08—0090
IRHUBNG, >[uMAO, SIUMAL, TEMP 08-——0100
LeeeeasdUATLE PARAME TERS 08——0110
CUMMUN/PARKA/RGy ROy Vy Wy Ay VSy wSy BGy DUMMY{4}s NAME(12) 08—0120
Leseoosol NUILATORYS FUR INLREASES IN RHOMAX AND LMAXM 08--0130
LUMMUNZPLHY/ NADLy NAUR, NIuT 08—0140
KHubN = TEAP R 08—0150
RHUBNU=TLMP%R v 08——0160
FKAYA=FRA YXRA 08-—0170

FRAYs = FRKAYXB G 08—0180

& LMAX=LMAXM+ ] 08-—0190
FLMAX=LMA XM 08—0200
LesseoslUMPUTE MAGNI TLDE UF PUTENIIALS AS A FUNCTION GF LMAXM 08—021¢
CALL PUNUR(FLMAX s TLRyTUL o TSR, TSI 08—0220
Coeoeeolf MAGNITUDE OF UENTKAL PUTENTIAL TUC LARGE, INCREASE LMAXM 08-—0230
IFCTOR LT VEPS4e AND « TC 1L TLEPS4)GL TU L8 08——0240
wRITE(E,10) LMAXM 08--0250

1O FURMAT(THJLMAXM=] 5930 +1s45H LMAXM TUL SMALL BECAUSE OF CENTRAL P0O0B8—0260
LTENTLIAL) 08--0270
ComeaoslMAXM €T 50 CALSES DIMENSIGOGNS TU BE EXCEEDED 08——0280
13 IF(LMAXMLEJ.50)6U TU 65 08-—0290
LMAXM=LMA XM+ L 08-—030C
NAUL=NAJUL +1 08-—0310

ou Tu ¢ 08——0320

1& TL=LMAX 08--0330
Leseeoltr MAONITUDE UF SPIN-URBIT PUTENTIAL TOU LARGE, INCREASE LMAXM 08——0340
TFOTL*® ISR oL i oEPS4.AND . TL* TSI LTLEPS4)G0 TO 23 08—0350
ARKLTE(€,20) LMAXM 08—0360
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20 FURMAT(THJLMAXM=]543H +1,484 LMAXM TGO SMALL BECAUSE OF SPIN ORBIT08—0370

1 PUTENTIAL)
GU TV 13
23 IF(RHJUMAX GELFLMAX)IGO TO 48
CoeeeslUMPUTE MAGNLTUDE UF POTENTIAL AS A FUNCTION OF RHOMAX
28 CALL PGNUK{RHUMAX TCK 4 TCI yTSR,TSI)
CeveoolF MAGNIFTLDE UF CENTRAL PUTENTIAL TOC LARGE, INUREASE RHOMAX
HF{TCR LT oEP 5S4 ANDe TCILLTLEPS4)G0O TU 38
WRITE(€,30) RHOMAX, DRHOL

3C FURMATIBHJIKHUMAX=ELb.992Ht EL6.9s4lH RHOMAX IS TOO SMALL IN NUCLEAQ8—0460

e PUTENTIAL)
CenceolF ILAST GT 250, RHO DIMENSIONS ARE EXCEEDED
33 IF(ILAST.EQ.25C) GU Tu 65
RHUMAX=RHUMA X+DRHUL
ILAST=ILAST+1
RHUUILAST ) =RHU(ILAST-L)+DRHGL
DRHU{ ILAST—1) =DRHUL
NADR=NALR +i
G0 TU &8
CeceeollF MAGNITUDE UF SPIN-ORBIT PUTENTIAL TOC LARGE. INCREASE RHOMAX
38 IF(TL* ISR LT EPS4eAND. TL®TS1.LT.EPS4)G0 TO 48
WRITE(€é,40) KHOMAXURHUL

4C FURMAT(BHJURHOMAX=E L6eF92H+ EL6.944H RHCOMAX IS TUU SMALL IN SPIN 0U08—(CS90

IRBLT PGIenNTLAL)
LU TU 33

Ceoaaalt LMAXM HAS BEEN INCREASEU, RECCOMPUTE COULOMB FUNCTIONS, PHASES

48 IF{NAUL.EWQ.Q)GU TO 53
CALL ExSuML
LALL CCULFN(3%65)
GU TU &8
CecacelF RHUOMAX HAS btEN INUCREASED, RECUMPUTE COULOMB FUNCT IONS
£3 IF{NADRAL TLOICALL CUULFN($65)
58 CUNTINLE
NTUT=NADL +NADR
NADL=0
NAUR=Q
RETUKN
€S WRITELE,T7C)
7C FORMAT(48HAKDIMENSIUONS HAVE BEEN EXCEEUED.
KETURN 1
ENUD

GO TC NEXT CASE)

$IBFTC EXSUML  LOST,LUECK
SUBRULTINE EXSGML

CeeeaeVARIABLEYS wWHICH ARE CALCULATED AS FUNCTIGNS OF L
CUMMUN/VARL/LIL1(5L)s L1I2{51), CRL(5L) sy CR2(51) s EXSGMI{51),
LEXSUMR (51 ), F(52)s FBARI(91), FPiI5L) s GI(52), GP(51)
CUMMUN/ZLINU/LMAX, LMAXM

Coeeses0THER SLATLE VARIABLES
COMMUN /M SC/ECM, ETA, ETAZ2, FKAY, FKAYA,
IRHUBNGy >iuMAO, SIGMAL, TEMP

CeveeasluUMPUTE CUULOMB PHASE OSHIFTS

1 FL=C.0

EXSGMR (1) =CUS5S{2.0%51GMAU)
EXSGMI(1)=SIN(2.0%S1GMAQ)
ETAZ2A=2.0%ETA
DU 20 L=2,LMAX
FL=FL+1.0

FKAYB, RHOBC, RHOBN,

08-—-0380
08--0390
08—0400
08——0410
08— 0420
08— 0430
08— 0440
08— 0450
08—0470
08— 0480
08--0490
08—0500
08--0510
08—0520
08—0530
08— 0540
08——0550
08—0560
08--0570
08—0580
08— 0¢00
08—0610
08— 0620
08—-0630
08— C640
08— 0650
08— 0660
08— 0617C
08-—0680
08-—0690
08——0700
08—0T710
08——0720
08——0730
08— 0740
08— 0750
08——0760
08——0770
09--0010
09—0020
06—0030
09— 0040
09-—0050
09— 0060
09— 0070
09——0080
09— 0090
09—0100
09—0110
09—0120
09—0130
09—0140
09—0150
09--0160
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13
20
17

TERQ=FL%% 2
TER I=TERQ+ETAZ2

TeR 2={ TER C-ETAZ2) /TERL
TER3={ETA2A%FL ) /TERL
EXSOMR (L ) =({TER2*E XSUMR {L—1))—(TER3I*EXSGMI(L~11})
EXSUMI (L) =(TER2%EXSLMI (L—1} )+ (TER3*EXSGMR{L-1))

RETURN
END

$IBFTC COULEN  LUST,LECK

SUBRUULTINE CUULFN(*)
CooessSLATTERING AMPLITUDES AND ADDITICNAL CROSS SECTIONS
CUMMUN /5AC S/A1 (150},
1 SGMAC(150),
{L eaensJTHER SLATLE VARIABLES
COMMUN /ML SC/7ECM, ETA,

IRHObNG, SIOMAOQ, >IGMAL,

CeeeeaSCATLE CUNTRULS

CaeeasCUNVERCENCE CRITERIA

CuoseeeVARIABLES WHICH ARE CALCULATED AS FUNCTICONS OF L
CUMMUN /VARL/LL1(51), C12(51),
F{52)s FBAR(91) s FP{51),

CaeessVARIABLEY COMPLTED IN RHUTSB
DRHU(249)
CoeeeslUMPUTC CUULUMB FUNLTLIONS

1

53

62

LEXSGMR {51 )

CUMMUN /LN ER/KUL T

CUMMUNZUUNVZEPSL
CUMMUN/LIND/LMAX,

CUMMON /RH T/URHGL

Sw=4K I{1.0+ETAZ)
IJ=1

AR{ 1) =—cTA
Al{1}=C.0

AR( 2)=—.5%ETAZ
AL(Z2)=.5%ETA
Si=0.0

SR=0.0

Pr= RH{MA X

DO 10 K=£,49
TeEM=PR¥*FLUAT( L—-K)
TR=AR(K)/TEM
TI=AI(K)/TEM
SUN=TR*%x2+T[%%2
LF(K=-¢Z) ‘1!4]3
IF{SanN—-S4qU) 444,11
TR=SR + 1R

Ti=51+T1
IF{TR—=SKR) €¢45,6
IF(TI=-S1) €sl346
SKR=TK

SI=T1

AR(K+1)=0.0
Al{K+1)=0.0

KP=K/2
Du 7 MM=L,KP
KM=K+ L=-MM

AR{K+1)=AR(K+1I-ARIMM)FAR (KM) +AT (MM) *AT (KM}
ALK+ L)=a L{K+L)-AT{KM) *AK (MM} AT (MM) *AR(KM)

IF{K=2%KP ) 8+6,8

FCI(150),

SIGTEM{150) s SRATIO(150)

FKAY, FKAYA,

KTRL(L3), KTRLT(13), KTRLX(13)

CRL{51)y CR2{51), EXSGMI(51),

G521+ GP(51)

RHG{2501),

09--0170

FCR({ 1500100040

09--0180
09—0190
09—0200
09—0210
09—0220
09--0230
09— 0240
10—04010
10—0020
10—0030
10—0050
10—0060
10--0070
10—0080
10—0090
10--0100
10—0110
10--0120
10—0130
10—0140
10—0150
10--0160
10—0170
10—-0180
10—-0190
10—0200
10—-0210
10—0220
10-—0230
10—0240
10——-0250
10— 0260
10—0270
10—0280
10—0290
10—0300
10—0310
10—0320
10—0330
10—0340
10--0350
10—-0360
10——0370
10—0380
10—0390
10— 0400
10— 0410
10—0420
10— 0430
10--0440
10— 0450
10— 0460
10—0470
10—0480
10— 0490



10

11

12

14

15

25

31
32

133

60C
601
33
43
34
3171
35
36
31
38

EXY
382

AR(K+ P I=AR(K+L)—o 53 (AR(KP+1) #%2-A1 (KP+1) *%2)

ALK+ L)=AI(K+L)-AR(KP+1) *Al (KP+1)
FK=+5%FLUAT(K)
AI(K+1)=A [ {K+1)-FK*AR {K)
AR(K+1)=AR(K+1) +FK*Al (K)

PR= PR*KHUMAX

SWO0=SJN

GO Tu 101

TEM=SR*%2 +5[*%2
IFCTEM)L05,105,12
IF(ABS(SQO/TEM)-EPS3)13,13,106
GO TO (i4,15),14
PAR=RHLMA X-C TA*ALUG{2. 0¥RHUMA X}
PHIOR=PAR #51GMA O+ SR

PH10I=S1

AR(2)=—-1.0+AR(2)

1J=2

GO0 TO0 ¢
PHIIR=PAR+S5IGMAL—-.157079632E+01+SR
PHI1lI=S8]

Tl=cXP (-PHiOQOI)

T2=EXP(-PHI11)}
GUL)=TI*COSIPHIOR)

Ll 2)=Tz&LUS{PHILLR)
FL=TL*SIN(PHIOR)

F2=T2¥ SIN(PH] LK)
IFCABS{FL*L(2)-F2% (1 )—1.0/54)—EPSL)
ivEL=11

[=LMAX+IDEC

FBAR({ L )=.1

FBAR{I1+1)=0.0

LIMIT=LMA XM+]DEC

FL=LMA X+ DEC
TI=SURT({FL+L1.0)%%2+ETA2)

DO 33 I=1,LIMIT

L=LMAX+IDEL-T

FL=L

T2=SJRT(FL%%x2+4ETAL)

314+31.102

FBARIL )=( (2. 0%FL+1.0) *(ETA+FL*(FL+1.0)/RHEMAX) *FBAR{L+1)-FL*TL*FBA10— 0880

IR(L+2MI/{FL+1.00%T2)
IF{ASIFBARIL)I-1.E+30)33,33,601
K=LMAX+IDEC

FBAR(IK )=FBAK{K}*0.1

GU TO 133

Tl=72

ALPPA= 1. 0/({FBAR(L)*{2)-FBAR(2)*65(1)) *5Q)

LMAXP =LMA X+1

DU 34 I=1,LMAXP

FBAR( I J=ALPHA*FBAR (1)
IF(IDEC-11) 371,435,371

[IFLABS(FL/FBARE1)I-140)—EPS2) 37 437,35

DO 36 I=1,LMAXP
F{I)=FBAR (1)
IDEC=ICEC+5

IF (IUEC—40) 32,32+103
DO 38 I=1,LMAXP

IFCABS(F(IL)/FBAR(I)-1.0)—-EPS2) 38,38+35

COUNTINLUE

DU 381 I=1,LMAXP
FLL)=FBAR(I)
T1=5Q

DO 40 L=1,LMAXM

10—0500
10—0510
10—0520
10—0530
10—0540
16—0550
10—0560
100570
10—0580
16—0590
10—0600
10--0610
10—0620
10—0630
100640
10— 0650
10— 0660
10—-0670
10—0680
10— 0690
10--0700
10—0710
10—0720
10— 0730
10--0740
10—0750
10—0760
10—-0770
10--0780
10— 0790
10— 0800
10—-0810
10—0820
10——0830
10—0840
10—0850
10--0860
10-—0870
10——0890
10—G900
L0— 0910
10—0920
10—0930
10--0940
100950
10— 0960
10--0970
10--0980
10— 0990
10— 1000
10—1010
10—-1020
10—1030
10--1040
10--10590
10—1060
10—1070
10--1080
101090
10——1100
10--1110
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FL=L 10—1120
T2=54R T({rL+L.CI¥%2+ETA2) 10-——1130

(L +2) =l 2.0%FL+L O} ¥ (L TA+FL¥(FL#1.0)/RHOMAX) *G{L+1)-(FL+1 .0)*T1%G10—1140
L))/ (FL®T2) 10—1150
To=FL/ 11 10—1160

45  MF{ABS{FIL)I*6(L+L)-F(L+L)*G{L)-TS)—EPSL) 40,40,104 10—1170
40 T1=T2 10—1180
41 DU 42 L=1,LMAX 10—1190
FL=L 10—1200
TeEM=FL*%2 10-—1210
Ti=TeMd/RAUMAX+ETA 16——1220

4€ T2=S4RT(TEM+ETALZ) 10—1230
FPAL) =T L*F(L)=T2%F(L+1} ) /FL 10—1240

42 GPHLI={Tl¥xu(L)-T2*xulL+1})/FL 10—1250
€3 RETURN 10—1260
101 wrRITE (oy L21L)IRHUMAX,ORHUL 10--1270
bu TO 11V 10--1280

102 wRITE (69 122)RHUMAXDRHOL 10— 1290
LU TJ 1wv 10--1300

103 wkl11L {6y L23)RABUMAX,DRAHUL 10~-1310
bu Tu 110 10--1320

104 wk1TE {6y 124)RHUMAX URHUL L 10—1330
GU TU 110 10——-1340

105 wrRiTE {6y LZ25)RHUMAX yOKRHUL 10—1350
ou Tu 1lY 10--1360

106 WRITE (€4 126)RHUMAXyuRHUL 10—137¢
11C IF(ILASTeEwe25C)H RKETURN 1 10—1380
RHUMA X =K riUMa X+DRAUL 10—1390
iLasT=ILAST+] 10—1400
KHJ(LLAST ) =RAdu{ILAST-1)+DRAHGL 10—1410
Unhul{ LLAST—1) =DRAOL 10—1420

ou Tu i 10— 1430

lzl FURMAT(13H INCKEASE RHU MAX=tlle4,2H+ Ell.4435H A GR B SERIES CONV10--1440
leReeS TJu dLuwlY) 10--1450

1z FURMAT(ldH INCKEADE RHU MAX=tElle4,2H+ ELlle4y22H BAU INITIAL WRONSK 10—1460
LIAN) 10——1470

123 rURMAT(1dH INLREASE RHO MAX=tlle4,2H+ Ell.4,24H L TCO LARGE IN FBA10——1480
IR (L)) 10— 1490

124 FURMAT{1l8H INLCREASE RHAU MAX=bll.4,2H+ Ell.4,21H BAD WRONSKIAN FOR 10-—150C
Ww=134) 10--1510

125 FurkmMAT(67H SerRle> IN PHIO UR PHIL IS ZERU, CHECK DATA, IF OK INCREL10—1520
IASE RALMAX=E1lle4,2H% Ell.4) 10--1530

126 FURMAT{520 A Ux B SERIE> UIVERGES TOU QUICKLY INCREASE RHOMAX=Ell.10——1540
14y 2Ht Ell.4) 10—1550

ENU 10— 1560
SIBFTC UUIPT4  LUST,DECK 1L1-—-0010
SUBRIUTINE YUTP T4 11—0020
CeseendLATLE PARAMETERDS 11—0030
LUI"'IML}N/pARA/Kb' ROg Vs Ny Ay VS, NS' B(Jy UUMMY(")] NAME( 12) 11— 0040
CaoseestNERLY ¢MASYS, ANU LHARGE INPUT VALUES 11--0050
CUMMUN/eM(CV/ELAB, FMB, FMILIs EMUy KL, L2 11--0060C
CoeenamolMl >IUARESy NUKRMALLIZATIUN CUNSTANT, ANJ SIGMA REACTION 11-—0070
COMMUN /L SQ/CHL 25T,y CHIZPT, LHIZT, SUMS(l6)y CHIZ2S(150), 11-—0080
ICHIZ2ZP(150)y LHLI2(150) s ENURMy, SUMRTH,SNURM,XNOKM,NP,CSNRMy NCSN 11--0090
CeseeadSLATLE INPUT AND OUTPUT VARUABLES wHICH ARE FUNCTIONS OF THETA 1L1—0100
CUMMUN /TH L /OPOLEX(LbU), USGMEX(L150), JMAX, POLEX{150)y POLTH{(L150)y11-—0110
ISGMAEX{12C)s SOMATH(L50), THETA(150), THETAD(150) 11—0120

64



CeseesVARIASLES LUMPUTED IN PGEN4 (FORM FACTORS)

CUMMUN/POF/FFCL(250)y FECIM(250), FFCR{250),y, FFCRM(250)y FFSI{250)11-—0140

Le FFSIM(Z29U0)y FFSR{250) s FFSRM(250)

CeeoseVARIAGLES uSED I[N RHOTB
COMMUN /RHU/ZURHOINCG 9) » NMAX, RHGIN{(10)

CeeeeeVARIABLES WHICH ARz CALCULATED AS FUNCTIGNS OF L
CUMMUN/VARL/ZCLIL(51)y CI2(5L), CRL(®L), CR2(51), EXSGMI(51),
LEXSOMR {51}y F(52), F3AR(9L1), FP(BL) s G(S52)y GP(51]1)
CUMMUN/ZLIND/LMAXy LMAXM

CeeesweVARIABLES TO Bt PLUTTED IN PTETDL
CUMMUN/PTPL/AETALISL) s AETA2(51), UELRLI(51)y DELRZ2(51)

CoeoeeeSCATLE CUNTRULS
CUMMUN /CN IR/KGUTy KSENDy KTRL(13)y KTRLT(13)s KTRLX(13)

CaveosddTHEK SCATLE VARIAGBLES
CumMUN/MI SC/ECM, ETA, ETA2,y, FKAY, FKAYA, FKAY By RHOBC, RHUBN,
IRHUBN Gy S1UMAQ, SIluoMAal, TEMP

CeoowaSLATTERING AMPLITUDES ANU AUDITIGNAL CRUSS SECTIONS

11—0130
i1—o0150
11—0160
11—o0170
11—0180
i11-—-0190
11—0200
11—0210
11—0220
11—0230
11--0240
11--0250
11--0260
11--027¢C
11--0280
11—0290

COMMUN/SACS/AL{150)y AR(L50)y BLIL50), BR(150)s FCI(150), FCR{150)11--0300

1y SoMAL (L50) sy S1WTEM(L50), SRATIU(150) 11—0310
CeseeeVARIASLES CUMPLTED IN RHOTBHB 11--0320
CUMMUN /RHT/URHOL, ORHU(249), IFIRST, [LAST, RHO(250), RHOMAX L1-—0330
CeceaedAUXIL IARY SEAKCLH VARIABLES 11—0340
COMMUN 7ASV/DEL(L2)y TULL2) s LINy KULMAX, LABEL(13), NHP, NMLR, 11--0350
INPC Ty NPLUTP, PLT 11—0360
LIMEN S IIN UELPL{SL)y VDELMI(5L) 11--0370
VDIMENS TUN 10K LE4) 9 OSNIU (30, LHALGS(LY) 11-—-0380
EQUIVALENLE (LHIIS(L)pLHIZST) 11—0390
vaTa (don(l)y]l=1y4)/0H N =46HKLIN)=36HKT (N)= 6 HKX(N)=/ L1—0400
UATA (SNLIDCL) o 1=143)/6Ad L. yOH XNURM,6H ENURM/ 11—0410
CeweeaedCATLE UWUTPUT 11--0420
Ceanwasd NITIAL PAve QLTPUT 11--0430
[F(KOUT.Ewal)bUU Tu 11 11— 0440
WR1TE(E,10) TOK(L)y (Qi+1=1,13),10K(2), KTRLy IUK(3}), KTRLT, 11--0450
Libk{a), KTKLX 11--0460
1€ FURMAT (LAK y 40X s BHLCUNTRULS/LIHJ » 14Xy A6 91315 /1HK, 14X, A6,1315, 11--0470
12(/1HJ 14 X,A6,1315)) 11—0480
NRM=n TRLX(5}) + 1 11—0490

W ITE{ €42C) FML, FMBy ELAG, £Zy XNURM,SNIU(NRM) , JMAX, NP 11--0500

20 FURMATULAL y42X,10HBASIC INPUT UATA/ZBHK FMI=F10.5,9X, 11—0510
loH  FMo=F 104595 Xy 6H ELAB=FB.3 4L 1 Xs0H Ll=r5.0/ 11--0520
2BHK XNURA=FL0a 79 IXy6HSNURM=A6 913 Xg0H JMAX=14,415X,6H NP=13) 11—0530
AR ITE( €y 301) 11-—— 0540

3C FURMAT (UL ¢ 30X, 28HNUCLEAK PUTENTIAL PARAMETERS) 11-—-0550
CALL PUUT 11-—-0560
wRITE(€y40) RO 11—0570

46 FURMAT(LlA+, 79X, 30RC=LPGLG.T7) 11—0580
KHUKJU = TEMP*OUMMY( 3) 11— 0590
WRITE(¢y»C) KHURJ, RHUBNGy KHGBN, RHOBC, ECM, FKAY, FKAYA, 11—0¢€00
IEKAYBy LTA L1--0¢10
50 FURMAT(IAK 37Xy 25HBASIC COMPUTED QUANTITIES/THKRHORO=1PGLl4 .7 5X, 11--0620
LOHKHUR I=0 L 40 795X 9 OHRHURS=61L 44 795 Xy0HRHURC=GLS4 . T/ 11--0630
2THN  £lM=Gl4e TyXy0H K=0li4ael ¢9Xs6H KAS=G61l4.7,5X,6H KAI=061l4.7/11--0640
37K ETA=Gl4.17) 11— 0650
WRITE(€y00) RHUMAX, LMAXMy, NMAX, (RHGIN(I),I=1,NMAX) 11—0660

6C FURMAT(1IHJ 14 Xs LOHINTELRATIUN DATA/BHKRAOMAX=1PGL4 « Ty 12X, 11—0670
LOHLMAXM=1 £9 25X e SHNMAX={2 /THKRHOI N=0PLOF12.4) L1-—0680
NMA XM =NMA X— L 11—0¢&90
WRITE(E,7C) (UDRHUINIL) o1 =1 94NMAXM) 11—0700

7C FURMAT{BHRKURHUIN=6X,9F12.4) 11—0710
CALL PuLiNOLT 11—0720
IF(KS5eND.0Tal)0U Tu 121 11—0730

L1l vl TU (159821421421 ) 2 K5END 11——-0740
65



CesecoodNiTIAL PavkE JUTPUT, SINuLE CASE CNLY 11—0750

19 TF{KTRL{Z2) aNEe L) 50U TU 35 11—0760
AR ETE L €480) LH125T, CHIZPT, LHIEZT 11—01770

6§C FURMAT(iHLy 41X, 18HSUM UF LHI SQUARES/LI3HKCHISQ SIGMA=1PG1l4.7,7Xs 11—0780
LLOHUHI Sw PUL=Gl4+ 799X L2HUHISG TOUTAL=GLl4.7) 11—0790
IF{RULMAX.EQ.1IGO Tu to 11—0800
WRITE( €,9C) 11--0810

9C FUKMAT(1HJ) 11——0820
CALL SUUF 11--0830

1€ DO 17 KK=1,snNC SN 11--0840
17 CHIS(RK}=CALQIS{KK) /L SNRM 11——0850
WRKITe{ 69280) USNRMy LHIZSTs CHI2PT, CHIZT 11--0860

80 FURMATILIHK ¢ 30X 20HSUM UF CHI SWUARES /F5.,0/13HKCHISG SIGMA=1P6G14.711-—0870
Ly TXy 1O0BCH 1S PUL=GLl%e 79SXyL2HCHISY TOTAL=G14.7) 11—0880
IF(RULMAX Ewe1)GO TUu 18 11--0890

WK LTE( €990 11—0900
LALL SULF 11--0910

LE WRITE{ €91 UU) SGMRTH, ENURM 11—0920
10O FORMAT(LHL 924X 52HREACTLIUON CRCSS SECTIGN AND DATA NORMAL IZ ATION FAL1-—-0930
ICTUR/ LHR » 2UX 9 LLHSIGMAR(TH) =1PG1l 447 519X y6HENORM=G14 .7} 11-—0940
CooeendUfPUT EXPERIMENTAL, IHEGRETICAL CRUSS SECTIUN, POLARIZATION 11— 0950
21 LALL SKIP 11--0960
AR LTE(€ya 2Q) 11—0970

L1C FURMAT(LHO 92Xy 5riTHETA y6X s 8HSIGMA TH 48X L OHSIGTH/SIGCy9X6HPOL TH, 11——0980
LiuX, BHSIGMA LXy8Xsl0HS10EX/SLu( » 9K 6 HPOL EX) 11--0990
LFORTRLXE5)aNESC) WRITE(O2120) SNIDINRM) 11--1000

120 FURMAT( LA+, 411X sA 6y 7H% SGMAE X) 11——1010
UL 28 J=1,dMAX 11--1020
S16XOC =SuMac X (J)/SGMAC (J) 11—1030
WRITE{€y220) THETAVLJ) s SOUMATH(J)}, SRATIO(J), POLTH(J), SGMAEX(J), 11-—1040
1S516XxuCTy PULEXLJ) 11--1050
22C FURMATILIHJFBa3,1P6GLT.T) 11—1060
IF(KTRLX( 9)eEQ.Cl0 TU 28 11—1070
SGMEXN=SNURM¥SGMAEX ( J) 11— 1080
WRETE( €4130) SUME XN 11—1090

13C FURMAT(LH+, 110X 1PGLT.T) 11—1100
28 LUNTINLE 11--1110
L0 Tu ¢i 11—1120
CoeseoadUTPUT THEURETICAL CROSS SECTION, POLARIZATICN ONLY 11—1130
35 LALL 5kIP 11-~1140
WRITE(€,140) 11--1150

140 FURMAT(Ldy 99Xy SHTHETA 219Xy THSIGMATH ,18X8HSIG/SIGC 18X 6HPOL TH)Y) 11-——1160
UU 38 J=LlsJdMAX 11--1170

38 ARLTE( €91 50) THETAU{U) , SGMATH{J), SRATIG(J), PCLTH{J} 11—1180
150 FURMAT{IHUG s LPG L0 794025 T) 11——1190
4] IF{KTRL{o).Ede1l)uoU TU 121 11—1200
TFIRTRLIG) JinE 0 2)0U TU 438 11—~1210
CoweesUUTPUT SUATTERINUG AMPLITUDES A,B 11—1220
CALL SKIP 111230
WRITE( €y LEV) 11—1240

16C FURMAT{AHIpLiX 3 2HAR y23 Xy 2HATL 123 X ¢ZHBR ¢23X42HBI) 11--1250
DU 43 J=L,JMAX 11--1260

43 wriTel€E,150) AR(JY s ALGJ)y BRUJ) » BL(J) 11-~1270
40 IFIRTRLILZ)NELLIGU TU 53 11--1280
L eseesUUTPUT ANU PLUT FURM FALTURS 11--1290
CALL >SKIP 11——1300
11-—~1310

ARITE( €41 70)
17C FURMAT{LINJ »9X96HRHUO (L) 945K y4HEFCR)1OX g4 HFFLL 916X 4 HFFSRy 16 X9 4HFFSI11--1320

1) 11-~1330
DU 51 f=1,1LAST 11-—1340
51 WRITE(€,180) RHU(L), FFCRI{1), FFCI(L), FFSR(I), FFSI{I) 11--1350
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18C FORMAT(LIAJ,1P6GLULT)
CALL PIHERI
£3 IF(KIRL(2)eNEoLl}SU TU 61
CeeeebUTPUT CHISJ AND ERRORS FUR SIGMA ANC POLARIZATION
CALL SKIP
WR1TE(€,190)

19C FORMAT(LHJy 9IXs5HTHETA 13 Xs9HDSIGMA EX 413X ,THDPOL EX, 8X,
LI6HLHL SQUARE SIGMA»5Xe14HCHI SQUARE POL5Xyi6HCHI SQUARE TOTAL)

WU 58 J=1,JMAX
28 wRITE(Ey180) THETAD(J) y» DSGMEX(J)y DPOLEX{J)y CHI2S(J),
ICHIZ(Y)
CooeeWUTPUT ReAL ANU LMAG PARTS OF C—COEFFICIENTS
61 LALL SKIP
WwR1TE(€,2C0)

CHEZPLJ),

200 FURMAT (LAJdy LiXs IHL 9 L4X s 13HREAL CUL+L/2) 312Xy L3HIMAG CUL#+L/ 2), 12X,

Li3HKEAL L{L-172) 412Xyl 3HIMAG C(L—=1/2))
U0 63 L=l,LMAX
Ll=L-1
63 wRiTe(€s240) L1y CRLIL)y CILLL), CR2(L), CI2(L)
210 FURMATULIRJY 111 91P0630T93525.7)
CeooeseCUMPUTE aNW ULTPUT SUCATTERING PHASE SHIFTS
CALL SKIP
wWwR1Te (6, 1399)
DU 400 L=1lyLMAX
Ll=L-1
AETALIL)I=2.0% 5QRT(CRLIL)I *%2+ (J5-CLilL) )%%x2)
AETAZ2(L)=2. 0% SURTICRZ (L) #%2+ (5—Cl2(L))%%2)
vetLP ilL)=—.o%alUo{AETALIL))
DeELMi(L)==—.5%kAaLUusc(AacTAaZ{L))
TEM=CILI{L })-e>
IFCLR L(L)) 4024401, 40l
401 IF(TEM) 403,4C3,404
403 VELRI(L)=.5%*ATAN(=CRL (L) /TEM)
LU Tu 410
404 VELRLILI= 5%(3.1415927 + ATAN—-CRL(L)/TEM))
GU TU 410
402 IH(TEM) a4C5,4(%4400
405 DELKRL(L)=3.141562T+.9%ATAN(=CLRL(L)/TEM)
Gu Tu 4iu
4C€ JuLRI{L)=o5% (34 L4LlDS2 T+ATAN(—=CRL(LIZTEM))
410 TEM=CicllL )-ab
Irt LR (L)) 14U, 1401l ,1401
L40L IF(TEM) L4U391403,1404
1403 DELRZ2{L)=.5%ATANI—LR2(L) /TEM)
LU Tu 141C0C
1404 VELKZ2(L)I=a2%{3.10415S2 T#ATAN(—-CR2(LI/Z/TEM))
ou Tu f4l0
1402 IF(TEM) L4U5414CH,14Co
L4005 DELRZIL)I=3.1415927+.5%ATAN(—CL&Z2(L)/TEM)
GU TU 1l4ig
L40¢e DELRZ2IL)I=o5% (3141l 5G2 THATAN(-CR2 LI/ TEM})
L41C WRITE (69 1400)ily AETAL(L) yAETAZ (L) yUELRL (L),
IDELP LLL) s OELRZ2(L) JDELMI(L)
40C LUNTINLE
LE(aTRLXL Z2)=2)12L4141lb o121
Lal5 RlTel€yLa20)
142C FORMAT( L)

1425 WRITE(€914930) (DelRLI(I)JUELPL(I) 4UELR2(I) yDELMI{I)yI=1,LMAX)

L43C FURMAT(Z2H* 8F10.>)

L399 FURMAT(5H Ly 9Xy4rdETAL»loXsyaHETA2 y13XyLIHDELRLI-DELPRy 11X,

LOHUELP 19 13Xy LIHUELRZ=-UELMR y11 Xy 5HOELMI)
140C FURMATI{I5,1P0ouz0.7)

11—1360
11--1370
11— 1380
11--1390
11--1400
11-——1410
11—1420
11-—1430
11— 1440
11--1450
11-- 1460
11—1470
11-~1480
11— 1490
11--1500
111510
11--1520
11—1530
11--1540
11-—1550
11--1560
11-- 1570
11— 1580
11--1590
11— 1600
11— 1610
11--1620
11——1630
11-—1640
111650
11-- 1660
11--1670
11-- 1680
11—1690
11-—1700
11-—-1710
11--1720
11-— 1730
11-- 1740
11-—1750
11--1760
11--1770
11--1780
11—1790
11--1800
11-—-1810
11--1820
11--1830
11— 1840
11— 1850
11— 1860
11-——1870
11— 1880
11—1890
11—1900
11--1910
11--1920
11-——1930
11-—1940
11--1950
11--1960
11——1970
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121 RETURN 11—1980

ENU 11--1990
P IBFTC PGEN LOST,DECK 12—-0010
SUBRULTINE PUEN4 12—0020
CesoeoVARJABLES ULSED FUR KNEE AND TAIL VARIATIONS 12—0030
COMMUN/SCNFF/TH(2), TNL(2) s TN2(2) s TRM(2) PMA, PMB 12—0040
CeaneaaSLATLE PARAMETERDS 12——0050
COMMUN/PAKA/RGy ROy Vs Wy Ay VSy WS, BGs DUMMYI(4), NAME(12) 12--0060
LaeeaeSCATLE CUNTKOLS 12— 0070
COMMUN/UN IR /KULT, KSENDy KTRL({L3), KTRLT(13), KTRLX(13) 12—0G680
CowessUTHER SUATLE VARIABLES 12—-0090
COMMON/MI SC/ECM, ETA, ETA2, FKAY, FKAYA, FKAYB, RHOBC, RHOEBN, 12-——0100
IKHUSBNG s >IGMAOs SIGMAL, TEMP 12--0110
CeceosVARIABLES LUMPULTEU IN POGEN4 (NUCLEAR PCTENTIAL TERMS) 12—0120
CUMMUN /PGU/FLP T »JLRB(250) » ULIB (25U}, ULRM{Z250), UCIM(250), 12--0130
LUSRB(25C) s USIBIZ250)s USRM(25Q) + USINM(250) 12—-0140
LaveeoVARIASLES LOMPLTED IN PGEN4 (FUORNM FACTGORS) 12—0150
CUMMUN /Pot/FFCL (250) y FFCLIM(250), FFLR(250), FFLRM{250), FFSI({250)12--0160
Ly FESIMIZ250), FFOR(250)y FFSRNM{250) 12--0170
LeaseoVAR [ApLeS CUMPUTED IN RHUTB 12-—-0180
COMMUN /RAT/UORHUL, LDRAUIL249), IFIRST, ILAST, RHUO(250), RHOMAX 12—-0190

LeeeeaMM=1 OIRING CALLULATIONS AT THE BEGINNINGS OF INTEGRATION INTERVAL 12--0200
LacesattM=2 DLRING LALCULATIUONS AT THE MIDPGINTS OF INTEGRATIGN INTERVALS12--0210

CoeeoeeM=3 DuRINUO PUTILH CALCULATLUNS 12--0220
MM=1 12—0230

1 Tl= Vv/ECM 12--0240
T2= w/ELM 12-—0250
T3= 2 ¥FKAY/A 12—0260
T10=—VS/cLM 12—0270
Tli=—aS/ELM 12--0280
T4= T3%TLU 12-—0290
15 = TZ2%x71i} 12--03C0
T6 = FKAYA 12—0310
IF(AoS(To ) el TelebE~10) T6= SIOGN(L.E-10,T76) 12-—-0320
T7T = £ 1Aa/RHUBC 12--0330
T8 = REUBUL¥%? 12--0340
T9 = 2.%cTA 12--0350
Tl = FKAYD 12—0360
IF(ADBS(TLl)al Telet:=10) TLZ2= SIGN(L.E~10,T12) 12-——0370
IF(KNTV.NESQ) TEMX=TFI (A) 12--0380
TTwWwv=0oUumMMY (L) 12--0390
TFIKTRLUL) eNEe LeURJKTRLX(L) oL Ta2)TTWV=0. 12— 0400
KUL 1=0 12--0410
UCIX=Q. 12--0420
FRCIX=C(. 12— 0430
LF{webWeUe e ANUe TTWVatb e U b KUCI=1 12— 0440
IF{KTRLX{ 7)«NE2) SU Tu 2 12--0450
RHUBRL = TEMP*DUMMY(3) 12— 0460
T26 = FKaYRQUMMY (2} 12— 0470
IF{ALS(T26) el TaleE~10)T26=SIGN(L.E-10,T26) 12——0480

Z LUNTINLE 12—-0490
iF(MM.Ewe 3)G0 TU 4 12--0500
CeeeseSET UP LJUP UN I 12——-0510
=0 12—0520

3 l=i+1 12-—-0530
12--0540

RHUX = fRHULL)
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4 TEMX= (RHUX-RHO8N) /T6
TEMX= AMINL{(TEMX,580.)
eX= EXP{TEMX)
[IFIKTRLIL)«NEL2) GU TO 7
Sl= Q.

IF{RHU XL T.RHUBN) Sl=l.
GU o &

7 S1 = 1le/(1le+EX)

8 52 = EX¥5l¥%x2
IF{RAI X5 TLRHUGBLY Gu TU 9
$3 = Tix(3.~RHUX¥%2/T8)

GU TU il

G 53 = TS/RHUX

11 S4 = SZ2/RHUX

CoeowoeslUMPUTE ++CRX ANU UWRX
LFIKTRL{ /) eNELC) GU TU 33
IF(KTRLAL 7T)eEWe2) GO TO 19
FFLRX= S1
GU Tu Eé&

196 TEMX = (RHUX-RHUGRL)/T26
TEMX = AMINLITEMX,80.)
FECRX= le/(Lle+t+EXP(TEMX))
Gu Tu E&s

33 FFURX = TFRULyKIRLALT) 2RHUX)

58 TCRX=TI*rFCR X
ULR X=— lo— TCLRX+53

(eseeslUMPUTE FFELIX AND UCILX
IF(RTRL{S)enNE« V) GU TU 83
IF{KDC lecwel)OUL TU 388
IF{KTRL(L)NELL) LU TU 75
TeMl= (RAJX-RHAUBNGY/T1Z2
TeEMl= AMINL(TEML,55.)
IF(KTRLA( 1)atQaeleURKTIRLX(L)oEWe3) GO TGO 63
S1= EXP{—-TeMl*x%x2)
IF(RTRLX( 1) EW.C) LU TU 75
SUIVE le/lLetXPATEML/.069))
GU TU 15

63 X1 = EXP(TEML)

SL ={4/(lavEXL))¥{eXl/{latEaX1))
ITF(KTRLX( L) abiwe LIGLU TUu 75
S1IV = le/{le+EXL)

75 ULLX = —T2%51-SLVETTnVv/ECHM
FECLIX=(SL%ned L VT TuwV) /(wtTTwv)
Gd T0 &8

83 FFCLA= THE{ Ly KTRL{8) yRAUX)
ULLA==T2%FFL L X

88 TCIX=—LL1iX

ConeeolOMPUTE FFSRX AND ULSRX
IFIKTRLI9)eNELGIVU Tu 93
FFO>RX = 54
USRX=T4%FF SR A
ou Tu 638

93 FFRorX= TR (2, KTRL(9) RAUX]}
(N1 = <5
IF(ITQ ekwe2) CNL1 = FKAYA
USKRX = CUN1*Ta%FiSRX

9E TSRX=LSRX
IF{KTRL(L L) e C) LU TU 1UB
T30 = LU4927*TA*ECHM
RHUY= AMA XL{RHUX,RHUOBL)
USKX=LSRX+T30/RHUY%%3

12—0550

12—-0560
12—0570
12—0580
12--0590
12—0600
12--0610
12-—-0620
12—0630
12——0640
12--0650
12--0660
12——-0670
12— 0680
12——-0690
12--0700
12—01710
12—-01720
12—0730
12——-0740
12——-01750
12——-0760
12—-0770
12—0780
12——01790
12— 0800
12--0810
12--0820
12-——-0830
12——0840
12— 0850
L2-—0860
12——0870
12--0880
12——-0890
12——0900
12— 0910
12— 0920
12--0930
12--0940
12— 0950
12——0960
12— 0970
12——-0980
12-—0990
12— 1000
12--1010
12--1020
12--1030
12— 1040
12— 1050
12--1060
12--1070
12— 1080
12--1G690
12--1100
12—1110
12——1120
12--1130
12— 1140
12—1150
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LoeeesslUMPUTE FESLX ANU LSIX 12—-1160

108 IF(KTRLILCISNE.O) w0 TU Li3 12—1170
FESIX = >4 12—1180
USIX=TExFFSIX 12—1190
U TU il3 12-——1200

113 FF>1X = TF(ZyKIRL{LO) ¢RHUX) 12—1210
CNL = .5 12--1220
LFUITQ.Ede2) CNL=FKAYA 12--1230
USIX = LNi*T5%FFSIX 12—1240

118 TsIX=LsSIX 12--1250
GU TU (1232,1334195) MM 12--1260

123 FFURUI)= FFLRX 12—1270
UCRBL )= LLRX 12——1280
FROL(L)= FRCIX 12—1290
ULId(I)= LCix 12—1300
FFSREL)= FFOSRX 12—1310
USKB( 1= LSKRX 12—1320
FFSI([)= FFSLX 12--1330
uSIol l)= LSIX 12— 1340
IF(lecuetLASTIGU TO 175 12--1350
M= 2 12--1360
RHOX = RHUX+.5%0RHAU(E) 12—1370
Gu TU 4 12--1380

133 FFCRM(1)= FFURX 12—1390
UCKM( I )= UCRX 12--1400
FRCIM{ 1)= FFLIX 12—1410
UL IME = ullX 12--1420
FESRM{ )= FFSRX 12—1430
USRM{I)= USkX 12— 1440
FESIM( 1)= FFSIX 12— 1450
USIM( T )= USIX 12--1460
MM=1 12--1470
LU TU 2 12--1480

175 RETURN 12——1490

CeaeestNTRY FUR PUTLLH CALCULATIUNS 12—1500
ENTRY PUNURIRHUT, TCRTUL ¢ TSR, TSI 12--1510
RHUX=RFUT 12--1520
MM=3 12--1530
WU TU 1 12--1540

195 TLKR=TCRX 12——1550
TCI=TCIX 12--1560
TOR=T oKX 12--1570
TSi=T31X 12--1580
Gu Tu 175 12—1590

CeesesENTRY TU INITIALLIZE PGEN4 12--1600
ENTRY PuN LN 12--1610
KNTV=K IRL ( 7)#KTRLUBI+KTRLIG)I+KTRL(10) 12--1620
IF(ANTV.NE.O)READ (5,200} THy TNLy TNZ2, PMA, PMB 12--1630

20C FURMAT{BE LU.0) 12—1640

Gu Tu 175 12-—1650

CaeeesbNTRY +UR TFX INITIAL UGUTPUT 12— 1660
ENTRY PGNUGT 12--1670
IFCKNTVeNE «O) WRITE (6492500 TH(L)y TRM(1)y TNLUL), TN2(1)y PMA, 12—1680
ITH( 2Dy TRM(Z)y TNLE2), TN2(2), PMB 12—1690

250 FURMAT(THL  HA=E£16.9,7d  RMA=EL6.9,7TH  NLA=El6.9,7H N2A=E16.912—1700
Ly 7H  PMA=EL6.9/1H HB=EL6e9,TH  RMB=EL16.9,7H  NLB=EL6.9,7H  12--1710
IN2B=EL€e9,IH  PMB=£16.9) 12—1720
U Tu 175 12--1130
ENU 12--1740
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$IBFTC TFX LUSTDECK
FUNCTICN  TR(JTQsKOD,RHOX)
LeoeoaSPECIAL LENTRAL NULLEAR FURM FACTUR
CeseesVARIASLES USEU FUR KNEE AND TAIL VARIATIUNS
COMMUN/SUNFE/THI2) 9 TNL(2)y TN2(2) s TRM{2) ,PMA, PMB
CoeeesesUTHER SLATLE VARIABLES
CUMMUN /MI SC/ECM, ETA, ETA2, FKAY, FKAYA, FKAYB, RHUBC, RHUBN,
RAUBNuUy 3IuMAQy SIGMAL, TEMP
CoeeseddCATLE PARAME TERS
CUMMUN/PARA/RGY ROy Vs Wy Ay VSy WSy BGy DUMMY(4), NAME(12)
ITe=d T
U TU (3,€),1TQ
3 IX=2
[F(KUU Ewel) IX=i
GU TO ¢
€ IX=1
IF(KuD.coldou TU 9
ITQ=1
Ix=2
S TIN= TINL(IX)
IF(RHUXeo ToKHUBN} TIN= TN2(IX)
T20= RPUX/KHUBN
TF=0U.
[FCTTN*ALLUIT2C)a0Te80) LU TG 35
TEM= TIN*FKAY*A
IF{TEMaNE eUe )} GU TO 12
TO = ToUx%(RHUBN/FRKAY®A)
Gu Tu 18
12 Tw={(T2C%% T IN~14)*%RHUSN/TEM
IF(Tu ebLTo80.) GU TU 35
To = ExPLTW)
18 TF= 1La/01.+Tu)
IF{RAOX U ToTRMIIXIIGU TU (354928) 01 Tw
Tel= REFUX/ZTIRML{I X)
THH = THULA)I S (Lat2e%T21) % (La—T21)%%2
IFUITY ebw o) GU TU 28
TF = TF%( 1.+THH)
LU Tu 25
28 TEN = 1F
Th= RHAUON*XT2U0%X TIN®To® (TEFN/RHCOX) %2/ (FKAY *A)
IF(KHAJ X0 TLTRM{IX))oU TO 35
T24= 6FinlIx)*(Le—T2L)/TRM{I X) %%2
T = T29% TEN+ (Lo #+THH)*TF
35 RETURN
ENTRY THLI(DUM)
TRM( L) =PMA%RKHUBN
TeM{2)=PMo*RHUBN
TF=DUM
ou Tu 435
END

PIBFTC INTCTR  LJUSTLLECK
SUBRULUTEINE INTCTR (%)

CoseeekADIAL wAVE FUNLTIOUNS AND THEIR FIKST DERIVATIVES DURING INTEGRATI 14——0030

CUMMUN/RWF /Ly XCls XCPLl, XDLsy XDPL, YCLs YCPL, YDl, YOPL
CeoeeoF INAL RAVIAL WAVE FUNCTIONS ANU FIRST DERIVATIVES

COMMUN /RWEF/XL1U50 )y X1P(5L)y X2(51)y X2P(5L)y YL(51), Y1P(51),

Ly2{5101y Y2P(51)

13—0010
13— 0020
L3—0030
13—0040
13--0C50
13—0060
13—-0070
13--0080
13— 0090
13—0100
i3—0110
13--0120
13--0130
13—0140
13—0150
13—0160
13—0170
13— 0180
1301930
13—0200
13—-0210
13——0220
13—-0230
13--0240
13—0250
13--0260
13—-0270
13--0280
13——0290
13—0300
13--0310
13—-0320
13—0330
13—-0340
13— 0350
13—0360
13—037¢C
13-——0380
13~-0390
13--0400
13——0410
13—0420
13—0430
13—044C
13--0450
13—0460
13——-0470
13——0480
13-—-0490
13——0500
14—0010
14—0020
14--0040
14—0050
14--0060
14—0070
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LaneesSLATLE PARAMETERS
CUMMUN/PLRA/RGs ROy Vs Wy Ay VS WS, BGs DUMMY(4), NAME(12)
CUMMOUN/ZLIND/LMA Xy LMAXM

CeeeseVARTAGLED LOMPLTED InN RHUTB
CUMMUN /RAT/URHUL, URHUI(249), IFIRST, ILAST, RHO{250), RHOMAX

CoeooesdLATLE CUNTRULS
COMMUN/CNTR/KULT, KSENDy KTRLEL3)y KTRLT(13), KTRLX(13)

Caoee s lUNTRIL INTELRATION UF RaAaDIAL EQUATIONS
IFIRST=1
IDX=1

LesowokTKLX{ €)=1 FUR EXCHANGE FURM IN SPIN-ORBLT POTENTIAL
IF(KTRLX{ €)etWal)iLX=2
DU 2 KK=1,1I0X
DU 1 LaKKsLMAXyIDX
TEM=RHO(IFIRSTI®* (L—1)
XCLl=TEMERHU{IFIRST)

XDi=XC1
FL=L
XCPl=FL*TeM
XLP 1=XCP1
YC1=0.C
YDLI=0.C
YCP 1=C.0
YDP 1=U.U
CALL RKINT
X1{L)=XC1
X2{L}l=x01l
YL{L)=YCL
YeliLd=Yol
XiP{L)=XCPL
XeP i )=xDP1
YIP(L)=YLPL

1 yzeiLl=Yurl
IF(IUuXEQ 1)U TU 2
IF(KK sEWwe iU TO 2
VSSAV=VvS
VS=DUMMY L 4)
CALL PGOTLULH(®15)

LCoeevweooabENERATE PUTENTIAL FUR EXCHANGE TERM
CALL PCGENG

¢ CunTINLE
LE{IDX ebd « 2} VS=VDS5AYV
RETURN

15 ReETuna 1L
END

$IBFTC RKINT LUSTDELK
SUBRUUTINE RKKINT
LewsssedlAllc LUNTRULD
CuMMUN /LN TR/KUUTy KSENDy KTRL(L3),y KTRLT{(13), KTRLX{13)

14—0080

CeoesoRAUIAL wAVE FUNCTIUNS AND THEIR FIRST DERIVATIVES DURING INTEGRATI15—0050

LUMMUN/RAF /Ly XCly XCPL,y, XDLls» XUPly YCLly YCPls YDl, YODPI1
CeweeedATLE PARAMETERS

CUMMUN/PARA/RLy ROy Vy Wy Ay VSs WSe BGs DUMMY(4), NAME(12)
ComenwoeVAx lApLEY LUMPUTED IN RRUTH

CUMMUN /RAT/DRHULy DRHUO(249)y IFLIRSTy LLAST, RHO(250), RHOMAX
CeeonaVARIABLES LUMPUTED IN PGEN4 (NUCLEAR POTENTIAL TERMS)

CUMMUN /P L/FLP ToULRB{250) » UCIB(250), UCRM{250), ulIM(250),

LUSRY( £5Ch,y USIB{250) s USRM(Z50) 4+ USIM(250])
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14— 0090
14--0100
14—0110
14--0120
14—0130
14--0140
14—0150
14--0160
14—0170
14—0180
14—0190
14——0200
14—0210
14—0220
14—0230
14-—0240
14—G25¢0
14— 0260
14—0270
14--0280
14——0290
14—0300
14—0310
14--0320
14—0330
14—-0340
1l4—0350
14—0360
14—0370
14—0380
14—0390
14— 0400
14-~-0410
14—0420
14—0430
14—0440
14——0450
14-—0460
140470
14-—0480
14—0490
14—0500
14—0510
14—0520
15~-00C10
15—0020
15—0030
15— 0C40
15——0C60
15—0070
15—0C80
15--0090
15—0100
15--0110
15--0120
15——0130



Cevane

13

15

17

FL=L-1

F2L=—1.0-FL

F3L=FL*{(fFL+1.0)
TB=ULRB{IrIRSTI+FIL/(RHUCLIF IRST) *%2)
{F V5=w5=U, UMIT REDUNDANT INTEGRATION STEPS
IF(KTRLIE1)«NE.CIGO TU 13

IFIVS abudeUe e ANDaWSaEL0e)1G0 TG 413
PCo=To +LSRB(LIFIRST)*FL
POB=T3+UoRB{IFIRSTI*F2L
RCB=UCIB( IFIRST)+USIB {IFIRSTYXFL
Do =UC ISU IFIRSTI+USIBULIFIRST) *F2L
IK=1LAST-1

VO 6 1=1riRk>T,IK
HURHU =2 5% uRHJA (1)

UDRHUZ={URHU(Ll )*%¥2)%,5
RHUM=RFU( 1) +HURHO
TM=UCRM( I ) +F 3L/ (RHOM%%2)
PCM=TH+UOKM( L ) *FL
PUM=TMHUSRM( I )*F2L
QUM=uC M L)+UuSIM(L)*FL

QUM =UC IM( L)+USIMIT)I%F 2L
XCPPL=PLB*XLL—QCL*Y(CL
YCPPL=Quu*XCL+PCb*Y(1

XUPPL=PU3 *Xul-wDB*YD1L
YUPPL=JOO*Xul+PuUuB*YUL
XC2=XC J+XCP L* HDRRHU
YL2=YC I4YLP LR HDRHU

XD Z=XU 1+ XuP L¥HUKHU
YUZ2=YD l+YUP L*DRHU

XCPP2=PLM* XL2-uiMXY(L 2
YOPP2=QJUMEXL2+PUMXY(2
XUPPZ2=PUMXXu2-qDM*YD2
YUPP2=qUME XU Z+PUMXYD2
DRHU4=45%¥URHO 2
SDRHU=433333353%HURHU
XL3=XL 24 XLPP L*DRAUS

YU3=YU c+YLPPL¥URHU4
XD3=XJ £+ XDPPL*DRHO4
YU3=YU+YUPPL¥DRHUS
XCPP3=PLM*XL3—WCEMRYL 3

YLPP 3=QUME XL 3+PLMEYLS
XUPP3=PUM* XD 3-WQUM*YD3
YUPP3=JUMEXU3+POM*YD 3

XL 4=XC 2+XUPP 2¥DRAV2+ XLPL*HDRHADG
YL 4=YC c+YLPP2RDRHAUZ+YCPL*HDRHG
XU4=XJD 2 +ADPP L2*¥DRAU+ XUPL¥HDRHG

YD4=YO ¢+YUPPLZ¥LRAUZ+YUPL*¥HUKHACL
Tob=ULROB{L+L)+F 3L/ {RHO(I+L)*%2)
PLB=TO+LoRB{I+Ls¥%FL

PUB=TB +USKB(I+L)*F2L

WCb=UC IB( L+ L) +USIB(I+1)*FL
WDS=UC IB( I+1)+USIB I+ 1L)*F2L
XLPP 4=PLu*XL4—-QLo*Y( 4
YLUPP4=QUB ¥ XL4+PLBXRY( 4
XUPP&4=PD3*XV4—-QLB¥XYD4
YOPP4=QLB *XU4+PDDLXRYD4G
IXC=XCPPZ+XCPP3
SYL=YLPP2+YLPP3
SXD=XOPP2+XDPP3

SYU=YUPP2 +YUPP 3

TXCSSXLHEXLPP L

TYL=SYL+Y(LPPL

15--0140
15—0150
15--0160
15—0170
15—-0180
15—0190
15--0200
15--0210
15—0220
15--0230
15—0240
15—-0250
150260
15—0270
15—0280
15—0290
15—0300
15--0310
15--0320
15—0330
15—0340
15— 0350
15--0360
15—0370
15— 0380
15—0390
15—0400
15--0410
15—-0420
15—0430
15——0440
15-—0450
15—~0460
15—0470
15--0480
15— 0490
15--0500
15--0510
15--0520
15--0530
15-—0540
15--0550
15——0560
15--0570
15—0580
15~--0590
15—06Q0
15--0610
15-—0620
15—-0630
15— 0640
15— 0650
15— 0660
15— 0670
15— 0680
15—0690
15-—-0700
15—0710
15—-01720
15--0730
15—0740
15—0750
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FXO=5XU+X0DPPL
TYu=SYD+YDPP 1
TXCA=XCl+urBbHU (L) * (XCP L+ SORAG*TXC )
TYCL=YULL+URHU (I )* {YCPL+SORHO*TYC)
TXVL=XU1+URHU(I ) * { XDP L +SDRHU*TXD)
TYUL=YDLl+uRAD (L )% (YUPL+SURHO*TYD)
TXLPL=XCP L+30RHUX( TXL+SXC+ XCPP4)
TYCPL=YLP 1+SDRHU*{TYL+SYC+YCPP4)
TXVP L=XUP L +SORHU* ( TXD+ SXU+ XUP P4 )
TYUPL=YDP L+5URHO* (TYD+SYD+YDPP4)
TEM= AMAXL(ABS(XCLl) ABS{YL1) ABS5{XCPL1} 4ABS(YCPL),
1 Ap S{XUL) yABS(YDL) sABS(XDPL) 4ABS(YDP1))
IF(TEM=1.E+30021+21+316

316 RENURA=TEM

32C XL i=XC 1/RENURM
YCL=YC I/RENURM
XCP L=XLP 1 /RENURM
YLP L=YCP 1 /RENURM
XU4=Xx0 1/RENJRM
YUL=YD I/KENJRM
XUP L=XUP L/KENGKRM
YUP L=YDUP L /RENURM
WRITE (69 2U0U0IRENURMyL ,RHO(L)

15--0760

200 FURMAT{Z4H KENUKMALIZATION FACTOR=E16.94+22H IN RKINT FOR CODED L=115--0990

13s9H ANU RHU=E16.9)
JSPILL=0
vl Tu?2

21 X(C1=TXcCl
YC1=TYCl
XDi=TXD1
YDLI=TYDL
XCP 1=TXLP 1L
YLP1=TYLP L
XUP L=TXxDP 1
YUPl=TYDP L

€ CUNTINLE

4 RETURN
LCaooeeINTEGRATIUN STEPS FUR VS=WS=0, OMITS REDUNDANT EQUATIONS

413 PLp=T3
GJCB=UC I LFIRST)
IK=ILAST-1
DU 46 I=1FIRSTIK

42 HUORHU =« 5% URAG( 1)
DRHUZ=(URHO(]) ¥%2)¥,b5
RHUM=RFU( [ )+HLURHY
TM=ULRMALT ) +#F 3L/ (RHUM*%2)

415 PLCM=IM
WwiM=UyL IM( 1)
XUPP L=Plo*XL1-J(B8%Y(C1l
YUPP Ll=Wlo* XL L+PLB*YL L
XCZ2=X0 14X P IRHDRAU
YLZ=YC L+YLPL®HURHU
XCPP2=PILM*xXL2—QUM*YL2
YUPPZmaLMEXLLHPLMEYLL
DRHU4= 5% URAHO 2
SURHU=433433333%HUKHU
XU3=XL 2+ XUPP L¥DRHUS
YU3=YL e+ YUPP LRURHUG
XCPP 3=PLMRXCI3—WUMEYL3
YUPP3=uUM*XL3+PCM*xYC3
XL a4=RKt s+ XCPP2¥URHUZ+ XL PLE¥HURHG
YL4=YU L+Y PP L¥ORAUZHYCPL¥HDRAG
To=uLRol I +1)+F 3L/ (RHOLL+1)%%2)
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15—0770
15—0780
15-—-0790
15--0800
15—o0810
15—0820
15—0830
15--0840
15—0850
15--0860
15—-0870
15—0880
15—0890
15—0900
15—-0910
15—0920
15— 0930
15--0940
15--0950
15—0960
15—0970
15-—-0980
15--1000
15--1010
15--1G20
15--1030
15--1040
15--1C50
15--1C60
15—1C70
15--1C80
15--1090
15--1100
15--1110
15—1120
15--1130
15—1140
15-1150
15——-1160
15—1170
15—1180
15--1190
15--1200
15—1210
15--1220
15--1230
15—1240
15--1250
15—1260
15—1270
15--1280
15--1290
15—1300
15—1310
15-—-1320
15—1330
15--1340
15--1350
15—1360
15—1370
15—1380




417 PLB=T8B
QiB=UCIB( I+1)
KCPP4=PLo*XC4—UdLB¥Y(4
YCPP4=QLB*XC4+PCB*Y( 4
SXL=XCPP2+XCPP3
SYC=YCPP2+YCPP3
TXC=5XC+XCPP1
TYC=SYC+Y(CPPL
TXCL1=XCLl#+ORAU(I)* [ XCPL+SDRHO*TXC)
TYCL=YCL+DRHD (L )* (YCPL+ SDRHG*TYC)
TXCPL1=XCP L+5DRHO®(TXL+SXC+ XCPP4)
TYCPL=YLP L+SURHOF{TYL+SYC+Y(LPP4)
TEM=AMAXL(ABS(XCL)ABS(YCL) AB{ XCPL) +ABS{YCPL))
IF(TEM—1.E+30)421+421443106

4216 RENURM=TEM

432C XC L=XC 1/KENURM
YC1=YC 1I/RENURM
XCP 1=XCP L/RENGRM
YUP l=YCLP L /RENORM
WRITE (6, 4200)RENURM, L 4RHO(I)

400 FORMAT(249H RENURMALIZATION FACTOR=EL6.9922H IN RKINT FOR CODED L=[15—-1590

13s9H AND RHU=t16.9)
L0 Tu <¢
421 X(L1=TXC1l
YLL=TYCl
XD1=XC 1
YDl=Y(C 1
XLP1=TXCP L
YLPLI=TYCP 1
XDP 1=XCP1
YDP 1=YCP1
46 CUNTINLE
44 RETURN
END

$IBFTC LSUBL LUST,DECK
SUBROULTINE CSuBL
CeeawssF INAL RAVDIAL WAVE FUNCTIONS AND FIRST DERIVATIVES
CUMMUN/RAFF/X1(51)y XLP{5L)y» X2(51L), X2P(51)s Yi(51)y Y1P{ 51},
iY2(5L1L), veP(51)
COMMUN/LIND/LMAX, LMAXM
CeceaeVARIABLES wrICH ARE CALCULATED AS FUNCTIUNS OF L
CUMMUN/VARL/CIL1{51)y CL2(5L)y CR1(51)+ CR2(51), EXSGMI{51),
LEXSOUMR{(51)s F{52), FBAR(9L), FP(51), G(52), GP(51)
CecesslUMPUTE C—-COEFFICIENTS
DU 40 L=l,LMAX
XNURML=AMAXL{ABS(XLIL) ) +ABSIYL(L)) 4ABSIXLP L)) »ABSLYLP(L))})
TXiL=X1{L ) /XNURML
TYILL=Y 1{L)/XNORM1
TX1PL=X1P {L) /XNOKML
TYLPL=Y1P {L)/XNORML
FNORM=AMAXLIF (L) »G(L) +FP({L)GP(L))
TFL=F{L)/FNORM
ToL=6{L)/FNORM
TEPL=FP{L ) /ENURM
TGPL=GP(L ) /ENURM
COL=TFL*TYLPL-TFPL*TYLL
COZ2=TFPL* TXLL-TFL*TXLPL

15—1390
15—1400
15——1410
15— 1420
15—1430
151440
15—1450
15—1460
15—1470
15—1480
15—1490
15——-1500
151510
15——1520
15—1530
15-~1540
15--1550
15—1560
15-—-1570
15—1580
15--1600
15——-1610
15~-1620
15--1630
15—1640
15—1650
15—1660
15--1670
15--1680
15--1630
15-——-1700
151710
15——-11720
16—0010
16—0020
16-—0030
16=—0040
16——-0050
16— 0060
16—0070
16--0080
16—0090
16—0100
16——0110
16—0120
16--0130
16—0140
16——0150
16—0160
16—0170
16— 0180
16— 0190
16—0200
16~-0210
16--0220
16—0230

75



55
40
59

COS=TY LL*TOoPL—TYLPL¥TOL+TXLL*TFPL-TX1PL*TFL
CO4=TX1IPL*TOL-TXILETOPL+TYLL*TFPL-TYLPL*TFL
COT=1C/{LO3%%2+LUGk%2])
CRI(LDI=(LUL*CU3+C02%C04)*CUT
CIL{L)I=(C02%CO3—LUL*CU4) *L 07

XNURMZ2=AM AX1(ABS(X2{L)),ABS(Y2(L)) ,ABS (X2P{L}) ,ABS(Y2P{L)))
TX2L=X2lL ) /XNORM2

TY2L=Y (L ) /XNORM2

TX2PL=X2P {L) / XNORM2

TY2PL=Y2P (L) /XNURM2

COL=TFL*TYZPL-TFPL¥*TYZ2L
CU2=TFPL®TX2L—TFL¥TX2PL
CO3=TY2L*TOPL-TYZ2P L TGL+TXZL*TFPL-TX2PL*TFL
CO4=TX2PL*=TOL—-TX2L*ATOPL+TYLL*TEPL-TY2PL*TFL
COT=1.C/{CU3%%x2+LUG*%2)

CR2IL }={L ULl 03+0U2% L U4 *CUT

CIZ(L ) =(Lu2%cU3-L0L*CU4) %L 07

RETURN

END

$IBFTL Ab LUST ,0ECLK

LeseeosSLATLE INPUT ANU UUTPUT VARIABLES wHICH ARE FUNCTIONS OF THETA
CUMMUN/TH I /UPULEX{LH0)y DSGMEX{L150), JMAX, PULEX{(150), POLTH(150),

Coene

Lesas

LCeecos

Coeanse

4

Lenee

206C¢€
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SUBRUUTINLE ab

ISOMAEX(15Chs SGMATH({L50), THETA(L50), THETAU(150)
COMMUN/LIND/LMA Xy LMAXM

~VARITABLES wHilH ARKE CALCULATED AS FUNCTICNS UF L
COMMUN/VARL/LTIL{51)y CI2(51)s CRLI(51)y CR2{(5L), EXSGMI(51),
lEXSGMR{51), F{52), FBAR(9L1), FP(5L1), u(52)s GP{51)

LWTHFER SCATLE VARIABLES

CUMMUN /ML SC/ECM, ETA, £ETAZ2, FKAY, FKAYA, FKAYB, RHOBC, RHOBN,

IRHUBNG, 5>IGMAOQ, SIGMAL, TEMP
2SCATTerRING AMPLITUVES ANO ADDITICNAL CRCSS SECTIONS

16--0240

LUMMUN/SALS/ALL L1500y ARIL50), BL(L50), BR(1501,y FCI(L50), FCR({150)17-—-0140

Ly SUMAGC(L5C)y SILTEM(150), SRATIG(150)
UIMENSION P(52) PP (51)

JLUMPUTE SUCATTERING AMPLITUUES Ay B
FKAYU= 1o U/FKAY

DU 20 J=1l,JdMAX

ASUMR =(40

ASUMLI=C.0

BSUMR =C .U

BSUMI=¢.U

JCUMPUTLES LEGENDRE POLYNUMIALS
SIZ2=1eC/S5IN{THETA(JI
LU=LOSHITHETA(J) )

P{l1)=1.0

PL2)=00C

PP LI=C.0

TwuLP 1=3.C

FL=1.GC

DO 2UCE L=lyLMAXM

TL=FL+].0

PlL+2) ={(TwUlLPL*CURP(L+1l) ~—-FL*P(L) V/TL
PP(L+1) =TL*S12%(CUsP(L+Ll) —P{L+2) )
ThULP i=TWUOLP L+2.0

FL=TL

DU LU L=1,LMAX

16—0250
16--0260
16—0270
16— 0280
16——0290
16~-0300
16--0310
16--0320
16——0330
16— 0340
16——0350
16— 0360
16--0370
16—-0380
16— 0390
16—— 0400
16—0410
16— 0420
17--0010
17--0020
17--0C30
17— 0040
17—0050
17--0060
17—0070
17--0080
17—0090
17--0100
170110
17--0120
17-—-0130
17—0150
17—0160
17--0170
17-— 0180
17--0190
17--0200
17--0210
17--0220
17-—0230
17—0240
17--0250
17--0260
17--0270
17——0280
17--0290
17--0300
17--0310
17--0320
17—0330
17--0340
17--0350
17-—0360
17--0370
17--0380




FL=L
ATRI=FL*CRLI(LI+{FL-1.0)*CR2{(L)
ATI1=FL*C IL(L}I+{FL-1.0)*CI2(L)
BTIRI=CRLI(LI-CR2(L)
sTIl=CIM{L)-Cl2(L)
ATR2=A TRI¥EXSGMRILI-(ATIL*EXSGMI(L))
ATI2=ATR1I*EXSUMI(LI+(ATLL*EXSGMR (L))
BIKR2=d TR1I*EXSGMR (L)}~ (BTIL1*c XSGMI (L))
BTI2=0 TRL*EXSOGMI(L)I+(BTLLI*EXSGMR(L})
ASUMR=ASUMR+ (ATRZ2*¥P(L 1))
ASUMI=ASUMI+{ATIZ2*P(L 1))
BSUMR =3 SUMR+{BTR2¥PP(L 1))

10 BSUMI=8SUMI+(8TI2%PP(L })
AR{J )= FCR{JDI+(FRAYD*ASUMR)
ALCJ)=FCLJ)+(FKAYD®ASUMI)
BR{J)= FKAYD*B SUMI

20 Bl(J)= —FKAYD*B SUMR

32 RETURN
END

$IBFTC SGSGLP  LOST,DECK
SUBRUUTINE SLSGCP
Leeese SCATTERING AMPLEITUUES AND ADDITICNAL CROSS SECTIONS

LUMMUN/5AL>/al (150) , AR(L5U)y BI(L50), BR{150) s FCL(150)y FCR( 150)18--0040

1y SOMAC(L150), SIGTEM{LS50) s SRATIG(LS50)
CaeeeeUTHER SCATLE VARIABLES
CUMMON /ML SC/ECM, ETA, ETAZ2, FKAY, FKAYA, FKAYB, RHUBC, RHOBN,
IRHUBNG,y SIUMAOQ, 5IGMAL, TEMP
CeaoeasSCATLE CUNTRULS
LUMMUN/CNTR/KOULT, KSENU, KTRL(13), KTRLT{13), KTRLX(13)
CeoweseSCATLE LINPUT AND UGUTPUT VARIABLES wHILH ARE FUNCTIONS UOF THETA
LCUMMUN/THI1/DPULEX(L50) s DSOMEX(150) y JMAX, PULEX(150)y POLTH(150),
ISGMAEX (150} SGMATH(iL50), THETA{150), THETAD{150)
LCoeesoolUMPUTE LRUSS SELTIUNy PULARIZATIUN, RATIG(SIGMA/SIGMA-COQUL)
DU 50U Jd=lsJMAKX
SOMATH(J) = ARTJIFAR(JII+ATI (J) %A1 (J) + BROJI*BROJI+BI(JI*BI(I)
PULTH(J)= — (2. 0%¥(AR(J) *BRIII+AT (I *BI(I)))/SOMATH(J)
13 SGMAC(J) = FLRIJI*FLR(J) + FLIGUIRFCL{J)
IF(ETA) 747438
& SRATIU(J)=SGMATH{J) /5GMAC (J)
5 6U TU £
7 SRATiJ(J4)=0.0
S5 IF(KTRLX{ 3))1+,20,1
L IFUDSGMEX(J)=LeE+2T)2 4243
2 SIuTEM(J) =SGMAC (J)
U Tu £0
3 SIGTEM(J) =DSOGME X{J)
5C LUNTINUE
19 RETURN
END

$I8FTC SIGMAR LOST,DECK
SUsRUUTINE S1GMAR

17—0390
17—0400
17——0410
17—0420
17— 0430
17— 0440
17—0450
17—0460
17— 0470
17--0480
17—0490
17—--0500
17—0510
17—0520
17—-0530
17--0540
17--0550
17--0560
17-—0570
18--0Q010
18—0020
18-—0030
18~-0050
18— 0060
18--0070
18--0080
18--0090
18--0100
18-—-0110
18—-0120
18--0130
18—-0140
18—0150
18--0160
18--0170
18--0180
18—0190
18—0200
18——0210
180220
18—— 0230
18-—-0240
18— 0250
18— 0260
L8—0270
18——0280
18—0290
18—0300
19—-0010
19——0020
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LaeoeoolHl SJLARES, NURMALIZATION CCNSTANT, AND S1IGMA REACTION
CUMMUN /CSW/LHIZ2ST,y CHIZPT, CHIZ2T, SUMS(Ll6} s, CHIZ2S5(150),
ICHI 2P { 150), CH12(150) s ENORMy SGNMRTH,SNURMyXNORM,NP¢CSNRMs NCSN

Ceooe o VARIABLES wWHICH ARE CALCULATED AS FUNCTIONS OF L
CUMMON/VARL/CIL(51)y CLI2(5L)s CRLI51L)s CR2(51) s EXSGMI(S51),
LEXSGMR(51L)y F({52), FBAR(9L) » FPI{51), G152}, GP(51)
CUMMUN/LIND/LMAX, LMAXM

CesesOTHER SCATLE VARIABLES
COMMUN /ML SC/ECM, ETA, £TAZ2, FKAY, FKAYA, FKAYB, RHOBC, RHOBN,
IRHUBNGws >IUMAC, >SIGMAL, TEMP :

CeoeesCOMPUTE REACTION CROSS SECTIUNS
FL=U.C
SGMRTH=0.0
CPLI=(.1256631C6E+02)/(FKAY*%2)

DU 20 L=1sLMAX
SGMRIH=SoMRTH+FL* (CIZ2{L)—(CI2 (L)) *%2—(CR2 (L)) **2)
FL=FL+1.0

20 SOMRTH=SOMRTH+FL*{(CIL(L)=(CTL{L) )*%2-(CR1LL)})I**2)
SUMRTH=CP I¥*S56MR TH

13 RETURN
END

$IBFTL CHISQ LUST,DECK
SUBRUL TINE LHI SR

CensseadSLATLE INPUT AND UUTPUT VARLABLES WwHICH ARE FUNCTIONS OF THETA
CUMMUN /TH L /JUPULEX(150), USLMEX({L159), JMAX, PULEX(150)y POLTH(150),
I>OMAEX{150)s SLMATH(L5U), THETA(150), THETAD(150)

CeeeaslHl SJUARES, NURMALIZATIUN CUONSTANT, AND SIGMA REACTION
CUMMUN/LSQ/CHL2ST, CHIZPT, CHIZ2T, 5UMS(16), CHI25(150),
ICHLZ2P (1500, CHIZ2(150)y ENORM; SGNMRTHSNORMXNORM,NP,CS NRMy NCSN

CaeeeodUATLE CUNTRULS
CUMMUN/CNTR/KULT, KSEND, KTRL(13), KTRLT(3), NF, NR,y, NI, INI,
INZy INZy N3y IN3, N4y, INe, KTRLX{13)

CeeeesAUXILIARY SEARLH VARIABLES
LOMMUN /ASV/0EL(LZ), 1D(12)y TINy KULMAX, LABEL(L3), NHP, NMLR,
INPLT, NPLTP, PLT

CaeeaesSCATTERING AMPLITLOES AND ADDITICNAL CRGSS SECTIONS

19—0030

COMMUN /5AC5/A1(150) s AR{150), 8I1(150)}, BR{150), FCI(150), FCR(150)20--0160

1e SGMAC{15C)y SIGTEM(150) s SRATIO(150)
DIMENSION CHIQS(19)
EQUIVALENCE
HCHIQS{L)Y »LHIZST), (SUMS(1) »SUMLS) s (SUMS(2),SUMLP),
205UMS( 2), SUMZ25) s (SUMS(4) o SUMZP) » (SUMS(5),5UM351, (SUMS{6),SUM3P),
3(SUMST7)s SUM4S) s (SUMS(8) 9SUM4P) 4 {SUMS(9) ySUMFS ), {SUMS{ 10) 4 SUMFP),
4{ SUMS{ 11) 9 SUMMS) » (SUMS(12) 4 SUMMP) , {SUMS{13)4SUMRS),
5(5UMS( 14}y SUMRP) 4y (SUMS(15) 4SULM34S), (SUMS{16),SUM34P}
ANUM=0.
DEN=0.
DU 20 J=1lsJMAX
TEM=5GMATH(J) /DSOMEX(J}
ANUM=ANUM+TEM* ¥ 2
2C DEN=DEN+TEMXSGMAEX{ J) /USGME X( J)
ENORM=ANUM/DEN
IFEKTRLXL 5) oEQ o 2) SNURM=ENORM
CHIZ2P T=C.
CHIZ25T=0.
DO 28 J=1,JMAX
CHIZ2P {J)=((POLTH{J)=POLEX(J}} /DPOLEX(J))**2
CHIZP T=CH12PT+CHIZ2P(J)
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19--0040
19— 0050
19--0060
19-—0070
19—0080
19——0090
19-—0100
19--0110
19--0120
19--0130
19--0140
19——0150
19--0160
19--0170
19--0180
19--0190
19--0200
19--0210
19--0220
19--0230
20—0010
20—0020
20--0030
20— 0040
20--0050
20——0060
20--0070
20--0080
20--0090
20--0100
20--0110
20—0120
20--0130
20--0140
20--0150
20—0170
20--0180
20--0190
20--0200

20——0210

20—0220
20—0230
20— 0240
20— 0250
20—0260
20-—-0270
20——-0280
20—0290
20—0300
20--0310
20— 0320
20—0330
20—0340
20—0350
20— 0360
20——0370



CHIZ25( J}=SOMATH (J)—SNORM® SGMAEX ( J) 20--0380

CHLIZS(JI=(CHIZS (I ZUSNURMESTIG TEM(J) ) ) *%2 20--0390
CHL2{d)=CHIL25tJ) + CAL2P(J) 20— 0400

28 CHI2ST=CHI25T+CHIZSULJ) 20-—-0410
CHIZ2T=CHI 25T+CHIiZPT 20--0420

32 GO TU (194269260 ,KDLMAX 20— 0430
26 DO 40 1=1,14 20— 0440
4C SUMSLI)=0.0 20— 0450
CeoeealLALLCULATE SPELIAL CHI SQUARES 20--0460
IF(KDLMAX—3) 191641 20--0470

1 iF (N1) 2,3,2 20--0480

2 LIM = NI+INL 20~--0490
DO LOL J=NLl,LIM 20-—0500
SUMLS = SUMLS+CHIZ2S5(J) 20—0510

101 SUMLP = SUMLP+CHIZP(J} 20--0520
3 IF (NZ) 49594 20--0530

4 LIM = Ne+IN2 20—-0540
V0 102 J=NZ2,LIM 20— 0550
SUMZ2S = SUMZ2S+CHI2S(J) 20--0560

102 SUMZ2P=SUMP+CHLZPLJ) 20-——0570
5 IF (N3) velyo6 20--0580

6 LIM = N3+IN3 20-—0590
DU 103 J=N3,LIM 20——0600
SUM3S = SUM3S+CHIZ2S(J) 20--0610

1G3 SUM3P = SUM3P + LHIZP(J) 20--0620
7 IHIN4) 14y 15,14 20—-0630
14 LIM = N4+ IN& 20—-0640
DO 104 J=N4,LIM 20—-0650
SUM4S = SUM&S + CHIZ2S(J) 20-—-0660

104 SUM4P = SUM4P + CHI2P(J) 20-—0670
15 SUM34S = SUM3 S+ SUM4S 20— 0680
SUM 34P = SUM3P+ SUM4P 20— 0690

16 DU 1US J=1,NF 20-—0700
SUMFS = SUMFS+CHI25(J) 20--0710

10% SUMFP =SUMFP+CHI2P(J) 20--0720
I = NF+1 20--0730

DO 106 J=I,4NR 20—-— 0740
SUMMS = SUMMS+CHIZS(J) 20—01750

106 SUMMP = SUMMP+LHIZP(J) 20--0760
I = NR+l 20—0770

DU 107 J=I,JMAX 20--0780
SUMRS = SUMRS+LHIZ2S(J) 20-—-0790

107 SUMRP =SUMRP+LHI 2P () 20--0800
1S IF(KSEND.NEL2)IGU TO 43 20--0810
CoeensasdDUTPUT SCATLE PARAMETERS 20-~0820
3C CALL POULT 20—-0830
WRITE(E46C) ENURMyCHIZ2STZCHIZPT,CHIZT 20— 0840

60 FORMAT(LH+,26Xy6HENURM=LPGL4e 794X s 7THCHIZ2ST=061%e7 24X 7THCHI2ZPT=G14.720— 0850
Ly 5X ¢ 6HCHI 2T=51447) 20--0860
CALL SOUF 20—-087¢C

DO 38 KK=1, NCSN 20--0880

38 CHIQSIKK)=CHIQS(KK) /L SNRM 20--0890
WRITELG6,80) L SNRMy CHI2ST, CHIZPT, CHIZT 20--0900

80 FORMAT(LHK)10X,20HSUM UF CHI SWUARES /F5.0 415Xy THCHI2ST=GL 4.7+ 44Xy 720——0G10
IHCHEZP T=0 1l 4e 795Xy 6HCHIZ2T=614%4 7) 20——0920
CALL SOLF 20— 0930
WwRITE(E,7C) 20— 0940

7C FORMAT(1IHK,1042H- 1) 20——0950
43 RETURN 20— 0960
END 200970

79



$IBFTC PTFFRI LOST,DECK
SUBROUTINE PTFFRI

CoeoewsVARIABLES CUMPUTED IN PGEN4 (NUCLEAR POTENTIAL TERMS)
CUMMON /PO U/FLPT,UCRB (2500 » UCIBIL250), UCRM{250), UCIM(250),
IUSRBL220) , USIB(250), USRM(250) » USIM(250)

CoeoaesVARIABLES COMPUTED IN PGEN4 (FORM FACTORS)

210010

CUMMON /PobF/HEFC1(250), FFCIM(250), FFCR(250), FFCRM(250}), FFSI{250)21--0070

1, FFSIM(25C)y FFSR{250), FFSRM{250)
CeseesVARIABLES CUMPULTED IN RHOTB
CUMMUN/RHT/0RHULy DRHO(249)s IFIRSTy ALAST, RHO(250)y, RHOMAX
CeeeesSCATLE PARAMETERS
COMMUN /PARA/Z/RGy ROy Vs Wy As VS, WSy BGy DUMMY{4), NAME(12)
CeeewelTHER SCATLE VARIADBLES
COMMUN /ML SC/ELM, ETA, ETA2, FKAY, FKAYA, FKAYB, RHOBC, RHOBN,
IRHUBNG,y SITUMAO, SIGMALl, TEMP
CoenaweeSLATLE CONTRULS
CUMMUNZ/CNTR/KOUT, KSEND KTRL(13)y, KTRLT(13), KTRLX{(13)
UIMENSION KK{i4), PT(L11l), YPLUT{LO00), XPLOT(1000)
EQUIVALENCEe (UCRB +XPLUT) y (USRB ,YPLOT)
CeeseesPLUT FURM FALTURS
CowseasdET UP PLUT OF UCRD
TESTA=]150%V/ECM
ANUM = FLPTH(FLPT + 1.)
IF(FLPT) 240917
€ BN=8.
CN=Yd.
GU TU S
7 CN=0.
E ULN=CN+1.
DEN L=RHIBN-CN*FKAYA
DENL=DENL*DEN1
DENZ=RHUSN+ON=FKAYA
DEN2=0ENZ2*DENZ
TERM=ANUM JUENL-ANUM/DENZ
IF{ TERM-TESTA) 8,8,419
19 BN=AMINL( 844N}
S TESTuo=RHUBN+ONFFKAYA
TESTC=RHUDN~-LN*FKAYA
KNT =0
vu 2 I=1ly1LAST
IF{TESTU-RHUL L) )Llsly2
IF{RAI (I )= Te5Ted 39342
TeRM=ahNUM/(RACI T ) *¥RHO(I) )
4 KNT=KNT+]
ULRBIKNT) =ULRB (I )+ TERM+1.
UCRB{IRNT ) =—UCRB {KNT)
YPLUT(KNT ) =RHAU (1}
z CUNTINLE
PT(L1)=KNT
Kube=4¢
IXx1=Ad 5{(uCRB(1})
X1l=1X1+1
JXLI=SICN{ X1, UCLRB(1))
IXL=ABS{UCRb(KNT))
XL=1XL+1
JXL=STIGN{ XLy ULRBIKNT))
IXbEu=MINUO(JXL,JdXL)
Xpeo=1C0% I XdEG
IOELX=1A8 S{JXL—JdX1)

DELX=10kL X*/2
IRUL=YPLUT(L)
RU1=10¢*IRUL

(SN
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21—0020
21--0030
21——0040
21--0050
21--0060
21--0030
21--0090
21--0100
210110
21--0120
21--0130
21—0140
21--0150
21--0160
21--0170
21--0180
21—0190
21--0200
21--0210
21--0220
21--0230
210240
21--0250
21--0260
21--0270
21--0280
21--0290
21--0300
21--0310
21--0320
21--0330
21--0340
21--0350
21-—0360
21--0370
21--0380
21--0390
21-- 0400
21--0410
21--0420
21--0430
21--0440
21-—0450
21-- 0460
21--0470
21--0480
21--0490
21--0500
21--0510
21--0520
21--0530
21--0540
21--0550
210560
21—-0570
210580
21--0590
21-—0€00
210610
21--0620



CeveasSET UP PLUT UF FFSRY

IROF=YPL3 T{KNT)
IDELY=IROF-IRUL
DELY=IDELY+1
PTL6)=4.
PTLT)=XBEGL
PT(8)=DELX
PT{9)=4,
PT(10)=RU1
PT{11)=DELY

CALL SCORTXY(ULRByYPLUTHKNT)

WRITE( & LOGIFLPT

CALL PLUTXY(ULRBYPLUT,KGDE,PT)

WRITE(E&,1C1)

16C FORMAT(33HPT PLUT OF UCRB VS RAG

101 FURMAT(2RPL)

TEST=RHUBN+ 7. 5%¥FKAYA
CNOR=4 ¥R HULN

CNST=UNSR
IF(RTRL(Y ) eEde 2ICNSR=1.

IF(KTRLILU)oEQe2)UNSL=1a

KNT =0
VD0 28 I=1,1LAST
IF(RHU(I) =T ST) 2942928

29 KNT=xXNT+{

28 CUNTINLE
NETS=KNT
KNT =0
bU 12 I=1,ILAST
TFARAJ(II-TESTILL 11,12

11 KNT=KNT+1
L2=NPTS+KNT
L3=NP JS+] ¢
L4=NP TS+[ 3
XPLUT{KNT ) =UNSR¥-FSR{ L)
XPLUT(12)=LnSI*FFSI(L)
XPLJUT(13)=FFLR(L)
XPLUT( 14)=t+FL I (]}
YPLUT(KNT )=rt1u(l)

1 CUnTINLE
KOEL=YPLJT(NPTS)
UELF=KUL +1
KK({ 1) =448
KK{<Z)=4
skl 3)=NPTS
PT(i)=
PT{o) =
PT(7)=

PT(y8)=¢b,

PT{(9)=4,

PT(10}=0.

PTI(L11l)=0CLE

WRITE(E&,200)

FFSLy FFCR,

CALL PLUTMY{XPLOT »YPLUT KK,PT)

WRITeE(€,201)
RETURN

20C FORMAT(44HPT PLUT OF FESRy

<01 FURKMAT(42HPL * FF SR
ENU

+ FFSI

FFESLy FFCR,

FLPT=F4.0)

FFCI

G FFCR

AND FFCL VS RHU)

X FFCL)

21— 0630
21—0640
21— 0650
21-—-0660
21—0670
21--0680
21--0690
21—0700
21—0710
21--0720
21-—01730
21-—-0740
21-—0750
21— 0760
21-——-01770
21—01780
21--0790
21--0800
21-—0810
21--0820
21-—-0830
21--0840
21——0850
21--0860
21-—-0870
21--0880
21-—0890
21--0900
21—--0910
21--0920
21--0930
21--0940
21--0950
21-—0960
21--0S870
21--0980
21—0990
21--1000
21—1010
21-—-1020
21--1030
21-—1040
21--1050
21— 1060
21— 1070
21--1080
21——1090
21-—-1100
21-—1110
21——-1120
21--1130
21--1140
21--1150
21-—- 1160
21—11170
21-—1180
21—11390
21—1200
21--1210
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» IBFTC TKIP> LUST oDELK : 22—0010

SUBRUULTINE IRIPS 22——0020
CeeseslUMPUTE, ULTPUT, AND PLUT TRIPLE SCATTERING PARAMETERS 22--0C30
CeoeeeSLAT—4 DIMENSIONS AND CUMMON ‘ 22--0040
LaeemsaVARLABLES CUMPUTED IN PGEN4 (NUCLEAR PCTENTIAL TERMS) 22—0050

LUMMUN /PG U/FLP T UCRBL<50) s UCID (2500, UCRM(250), UCEM( 250}, 22--0060

IUSKBI( 250}y USIB (2201, USKM{250) , USIM(250) 22—0070
LoeneaeSCATLE INPUT AND OUTPUT VARIABLES wHICH ARE FUNCTIONS OF THETA 22--0080

COMMUNZTH L/DPULEX(L150) 3 DSUME X{ 150} 4 JMAX, PULEX{(150), POLTH{150), 22— 0090

ISGMAEX(L30), SGMATH(150), THETA(150), THETAD(150) 22--0100

CUMMUN/LIND/LMAX, LMAXM 22--0110
LeeessPALE TITLING [NFORMATION 22--0120

COMMUN/PTL/NUARUN, TLTLE(L3) 22--0130
CeawaeSCATLE CUNTRULS 22-—0140

CUMMUN ZUN TR/KULT, KStENUy KIRL(L3)y KTRLT(13), KTRLX{13) 22--0150
LessoeedLalTERING AMPLITUDES AND AOULTICNAL CROSS SECTLUNS 22--0160

LOMMUN ZSACS/AL (150}, AK(LDCG) s B31(L50), BR(IL50), FCI(150), FCR(150)22-——0170

1o SUMAU(L5C), SIGTEMILS50) » SRATIU(150) 22—0180
L eeessVARIAGBLES witdlH ARE UALCULATED AS FUNCTIGNS UOF L 22—0190

CUMMUN/VARL/C11451), LL2(5L)» CRL(SL) s CR2(51}, EXSGMI(51), 22— 0200

IEXSUMR{51), F{52), FBAR{9L) s FP(51})s G(52) s GP(51) 22--0210
LesaesbNERGY, MASS, AND CHARGLE INPUT VALUES 22--0220

CUMMUNZEMCV/ELAD,y +M3, FMI, FMU, RC, ZZ 22--0230

UIMENSIUN PTULL) ok{14) 4XSAV(L50) ,¥YPLOT(150) 22--0240

LUUIVALENGE (UCROBsXSAV)y (USRS, YPLOT) 22—0250

LF(KTRLX( 11)=2) 3554309, 355 22--0260

309 CALL sSkle 22--0270

WRITE(€,310) 22--0280

31C FURMATELIHU»6XsORTHETA s 13X s3HFCR 31T Xs3HFCL 916Xy 6HAR-FCRy 14X, 22—0290

L6HA L= L1y 14Xy 5.4 SOMAL) 22--0300

DU 325 J=LlyJMAX 22--01210

XSAV(J I=aR (J)=FCR I 22——0320

YPLUT(JI=AT{J)I-FCILJ) 22——0330
CeenssUUTPUT REAL ANU IMAG PARTS OF F, LOULGMB SCATTERING AMPLITUDE 22--0340

326 WRITE( E9320) THETAD(J) »FCRIII 9FCI LI 9 XSAVIJ) »YPLOT(J )+ SGMACKJ) 22--0350
32C FORMAT(LIH +615434562048) 22--0360
CALL SKIP 22--0370
WRLITE{ €43 30) 22--0380
330 FURMAT(LHU, 0Xy SHTHETA 13X y4HUAMP ,L6X 4 HCPHA, 16X o 4HNAMP, 16X , 22— 0390

L4HNPAA 39X, IHL 9 8Xy0H5GL UUL)D 22———0400
(CeeeaslUMPUTE AND UJTPUT MAGNITUUES OF F, A-F 22--0410

DJ 335 J=1,JMAX 22—-0420

CAMP=SWURT{FLR{JIRFCRIJI+FCLLJ)EFCI(J4)) 22--0430

CPHA=ATANZ2(FCILJ) +FCREJID 22— 0440

ANAMP = SR TUXSAVIJI¥XSAVIJ)+YPLOT (J) *YPLOT (J) ) 22--0450

ANPHA=ATANZ2{ YPLUT(J) 4 XSAV(J)) 22— 0460

IF{U—LMAX) 332,332,331 22—0470

23] WRITE(€y340) THETAD(J) +CAMP yCPHA s ANAMP, ANPHA 22--0480

GO TO 235 22—--0490

332 SGLOUL=.5%ATANZ (EXSOMI (J) 2EXSGMR{J) ) 22--0500
WRITE( €9340) THE TAD{J) +LAMP,CPHA y ANAMP, ANPHA, J,SGCOUL 22——0510

34C FORMATULH 40154344520.89134620.8) 22—0520
335 LONTINLE 22--0530
IF(LMAX~JUMAX) 355,355,352 22--0540

352 LIN=JMAX+1] 22--0550
DU 353 L=LINsLMAX 22-—-0560
SGLUUL =e 5*ATAN2 (EXSGMI (L) sEXSGMRIL)) 22--0570

353 WRITE(€9y354) L,SGCUUL 22--0580
354 FORMAT(LH 495X, [34520.8) 22—-0590
355% WRITE(€E,1000) NUMRUN,TITLE 22—-0600
1006 FURMAT{(LIHLIRUN NUMBERI3sLUXs13A6 ///8X+5HTHETALSX,6HT ANBET 22——-0610
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L 15Xy 4HBE TALZ2X 104 THETA,LABL4Xs3HROT18X 4 3H-RY) 22—-0620

DO 5 Jd=l,JMAX 22--0630
YPLUT{J)=THETAD (J) 22—-0640

ASu= AR(J)}*AR(J) + AL (J)*ALI (J) 22—0650

B8SQ= BRUJI*BRIJDI ¥ BLJII*BI{J} 22—-0660
TANBET=—2.% (Al ({J)*3R{J)} — AR(J)I*BI(J))I/(ASC-BSQ) 22— 06170
CoeeeLALLULATE LAB ANGLE IN TERMS OF TAN AND COS 22——0680
INTHU= SIN(THETA(J)})/(COS{THETA(J) )+ FMI/FMB) 22— 0690
SCTHO= SdRT(1le + TNTHU*TNTHO) 22—0700
IFCTNTHO) 20,211,421 22——0110

20 CSTHO= —1./SCTHO 22—-0120

GU TO 22 22—01730

21 CSTHO= 1./5CTHU 22——01740
CoeeasCUMPUTE ROTATION OF PULARIZATION 22-—0150
22 XXX= (AS4-BSQ)/SGMATH( J) 22——01760
ROT= XxX¥(STHU* (1.+TANBET*TNTHO) 22—01770
CC=XXX*CSTHU* ( TANBET-TNTHU) 22--01780

BETA= ATAN(TANBET) 22-—-01790
IF(TANBET ) 304 31,31 22-—0800

3C B8ETA= 180.+BETA/.01745329252 22—0810

GO Tu Zz2 220820

31 BeTA= BETA/.01745329252 22-—0830

32 THO= ATAN{TNTHU) 22-—0840
IFCTNTHO) 23,24,424 22—0850

23 THU= 180.+THUO/.01745329252 22-—0860

GU TU &5 22—0810

24 THU= THO/.0174532G252 22——0880

25 CUNTINLE 22--0890
CoeanesBUTPUT TRIPLE SCATTERING PARAMETERS 22--03800
wRkRITE (6,1001) THETAD(J) »TANSBET,BETA,THO,ROT,CC 22--0910
XSAVLJ ) ==(C 22-—0920
JJ=J+JIMAX 22--0930
XSAV(JJI=—RUT 220940

5 CONTINLE 22—--0950
CeeweedET UP FUR PLOT OF RUT AND R—-PRINME 22-—0960
19 K{l)=4¢ 22-—-0970
K{2)=2 22-—-09840
K{3)=J4MAaX 22~—0990
PT{1)=2. 22——1000
PT(o6)=4. 22—1010
PT(7)=-100. 22--1020
PTL8)=4. 22-—-1030
PT(9)=¢. 22--1040
PT(10)=0. 22—1050
PTL11)=2. 22—1060

WRITE (6,100) 22—1070

CALL PLOTMYI{XSAV,,YPLUT 4K,PT) 22—1080

WRITE {(6,101) 22-——1090

10C FURMAT(23HPT PLOT OF —R* AND RQOT) 22-—1100
101 FORMAT(27THPL * -R?* + ROT) 22—1110
1001 FURMAT(6620.8) 22—1120
RETURN 22--1130

END 22—-1140
$IBFTC PTETDL LOST,DECK 23—0010
SUBROUTINE PTETDL 23—0020
LeewesVARIABLES COMPUTED IN PGEN4 (NUCLEAR POTENTIAL TERMS) 23—0030
CUMMON /PGU/FLPT UCRB(250) sy UCIB(250), UCRM{250), UCIM(250), 23-——0040
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LUSRB( 250), USIB(250)+ USRM(250),» USIM(250)
CUMMUN /LINU/LMA Xy TLMA XM

CeeeseVARIASLES TO BE PLOTTED IN PTETOL

COMMJUN/PTPL/AETALIS51),, AETAZ2(51), DELRLI(51)y BDELR2(51}

DIMENSION KK{14), PT(11L)
VDIMENSIUN XPLOT(408)y YPLOT(408)
EWUIVALENCE {UCRBXPLUT)» (USRB.YPLOUT)

CeeeesPLUTS ETAL,ETAZ2,0ELP, UELM
CaeeeaedET UP Ap SCISSA FUR BOTH PLOTS

1

[ K NPV

6

DU 2 I=145
IF{(LMAX—1)-10%1)3,3,2
CUNTINLE

IF(I-3)5y445

I=4

PT{9)=%.0

PT{10)=0.0

PTULL)I=I

YPLOT( 1)=0.

DU 6 [=2,LMAX

YPLOT( L)=YPLOT(I-1)+1.0

(CeoewedSET UP PLUT OF ETA

1

KK{1l)=48
KK{Z2)=¢

KK{3)=LMAX

PT(l)=2.

PT{6)=4,0
PT{7)=—100.0
PTL8)=2.0

DO 8 1I=1sLMAX
XPLUT( L)=—AETAL({I)
IP=1+LMAX

XPLUT{IP) =—AETAZ(I)
WRITE (6,4 100)

CALL PLOTMY(XPLUTYPLUTSKK,PT)
WRITE (6,101)

CaeeeesSET UP PLOT UF DELTA, DELTA-Pl, UDELTA+PI, DELTA+2PI

3

KK(1)=48

Kk z)=2

KK 3) =4%LMAX
PT(1)=z2.0
PT(6)=C.
PT(7)=—100.0
PT{(8)=1.0

CeesesCUMPUTE NEGATIVE VALUES TO BE PLCGTTED

84

10

11
10¢€
101
102
1G3

DU 10 J=1l,4

IN=(J-1)*LMAX

IND={ J+3)*LMAX
CON=FLOAT(J-2)*P1

DO 10 I=1,LMAX

II=IN+]
XPLOTLII)=—(DELRL(I}I+CON)
IP=IND+I
XPLUT{IP)=—(DELRZ2(L)+CON)
YPLOT(IL}=YPLOT(I)

WRITE (6,102)

CALL PLUTMY{XPLOT:YPLOT,KK,PT)
WRITE (6,5103)

KETURN

FURMAT(29HPT PLOT OF LTAL AND ETA2 VS L)
FURMAT{(20HPL * ETAL + ETAZ )
FURMAT(31HPT PLUT OF DELRL AND DELR2 VS L)

FORMAT (20HPL * DELRI + DELRZ2)
END

23—0050

23-—-0060
23——0070
23——0080
23--0090
23—0100
23—0110
23--0120
23-—0130
23--0150
23—0160
23—0170
23—0180
23——0190
23—-0200
23—-0210
23——0220
23—-0230
23—0240
23— 0250
23—-0260
23--0270
23—0280
23—0290
23-—-0300
23—--0310
23—0320
23—0330
23--0340
23—0350
23--0360
23——0370
23—0380
23~—(390
23—-0400
23——0410
23— 0420
23—0430
23—-0440
23-—-0450
23——-0460
23--0476
23--0480
23—0490
23—--0500
23—0510
23--0520
23—0530
23—0540
23—055%0
23—0560
23—--0570
23—0580
23—-0590
23——0600
23— 0610
23—0620
23—-0630
23--0640
23-—0650
23-—0660
23—0670
23—-0680



$IBFTC PISLAT  LUST,DECK 24-—0010

SUBRUUTINE PTSCAT 24—0020
CeoeeaSCATLE INPUT AND OUTPUT VARLAGBLES WHICH ARE FUNCTIONS OF THETA 24——0C30
CUMMUN /T L /UPOLEX(L50) » DSGMEX(150) s JMAX, POLEX(150), POLTH({150),24--0040
ISGMAEX(150), SGMATH(L50), THETA(L150), THETAD(150) 24-—0050
CaoweedLATLE CUNTROLS 24— 0060
CUMMON/UNTR/KUUTy KSENVe KTRLA{13), KTRLT(13)y KTRLX(13) 24—0070
CoeeaeedCATTEKING AMPLITUDES AND ADDITICNAL CROSS SECTIONS 24—0080
COMMUN /SACS/AL(150)y AR(L50) s BI(150) s BR{150), FCI(150), FCR(150)24—0090
1y SGMAC(15C)y SIGTEM(L150), SRATIO(L50) 24—0100
CeaesslHl SQLARES: NORMALIZATION COUNSTANT, AND SIGMA REACTION 24—0110
COMMUN/C5Q/LR12S5Ty CHIZPT, CHIZ2T, SUMSI16) s CHIZ25(150}), 24—0120
ICHI2P(150) s LHIZ2(150), ENORMy» SGMRTH,SNORMy,XNORMyNP»CSNRMy NCSN 24-—0130
DIMENSIUN PT(11)y KK{1l4), PSAV(6) 24——0140
DIMENS ION XPLUOT(150), YPLOT(150) 24~-0150
EQUIVALENCE (AR XPLUT), (BR,YPLOT) 24—0160
UDIMENSIUN FMTA(L1U), FMTAL(8)y» FMTAZ2(10), tMTBIL6), FMIBL(5), 24—0170
1FMTB82(0€) 24— 0180

DATA FMTAL{Ll)/48H(43HPT PLUT CF SGMAEX AND SGMATH VS THETA (DEG))I/24—0190
DATA FMTAZ2{1)/56H(D1HPT PLUT OF (SNOKM*SGMAEX) AND SOMATH VS THETA24—0200

1 (DeGY)/ 24--0210

DATA FMT31{1)/28H(23HPL * SGMAEX + SGMATH)/ 24—0220

DATA FMTB2(1)/36H(3LHAPL * (ENGRM*SGMAEX) + SGMATH)/ 24—0230
LeassskTRL(4)=0 NU PLUT 24-—-0240
CoesnaKTRL{G)=] PLUT OF PULEX AND PULTH VS THETAD 24— 0250
CoeweasKThiL(4)=2 PLOT UF SGMAEX AND SGMATH VS THETAD 24—0260
CaceesoKTRL(4)=3 PLUT POLARIZATIGNS AND CROSS SECTIONS 24—0270
Coeaeek TRUX{E)aNE.O  IF CRUSS SECTIGNS ARE PLUTTED, ALSO PLOT SGMAEX*ENOZ24—0280
IF(RTRLL4) e« LIG0O TU 48 24—0300
CoeeeaadeT UP YPLUT FOR ALL PLOTS 24-—0310
TMAX=0. 24-—0320

DU 7 Jd=1,JMAX 24--0330
IFCTHETAD (J) e b T TMAX) TMAX=THE TAD (J) 24——0340

{ YPLUT(JI=THETAD(J) 24--0350

KK{ L) =48 24—0360

Kl 2)=2 24--0370

KK{ 3)=JMA X ., 24—0380
PT(L)I=Z. 24—— 0390
PT{G)==5, 24——0400
PTL10)=C. 24—0410

=1 24-——0420

13 al=1 24--0430
IFCTMAXaLE«504%A1)GU TU 18 24—-0440

I=1+1 24-—-0450

Gu TO 13 24-—0460

18 PTELL)=5%] 24--04170
LEIKTRL{4) ecde2)0U TU 28 24--0480
~eseeeePLUT PCLEX AND PULTH VS THETAD 24--0490
PTlo)=¢4. 24--0500
PT{7)=—10C. 24--0510
PTLBI=4. 24--0520

DU 21 Jd=l,dMAaX 24-—-0530
XPLOT(J)=—POLEX(J) 24——0540
JJ=J+JMAX 24--0550

21 XPLUT(JJ)=—PULTH{J) R 24——0560
wRITE(€,100) 24—0570

1UC FURMATI{4LHPT PLOT UF PULEX AND PCLIH VS THETA (DEG)) 24--0580
CALL PLUTMY(XPLUT yYPLOTsKK,PT) 24-— 0590

WRITE (€,101) 24--0600

101 FURMAT{22HPL * PUOLEX + PULTH) 24——0610
LE(KTRL(4)EwelduU TU 438 24-—0620
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CooeesPLUT SUMAEX AND SGMATH VS THE TAD
28 XMIN=1.E10
XMAX=1.E~10
DO 31 J=1,JdMAX
XPLOT(J)=—ALUGLG{SGMAE X(J))
JJd=Jd+IMAX
XPLOT(JJ)=—ALUGLO(S6bMATH(J)})
IF(XPLOT(J) LT XMIN)XMIN=XPLUT(J)
IF{XPLUTI JJ) oL T XMIN) XMIN=XPLOT (JJ)
IFCXPLUT( U)o Ta XMAX) XMAX=XPLOT(J)
IFCXPLUT( JJ)1GTe AMAX) XMAX=XPLCT(JJ)
31 CONTINLE
KOD=1
DU 33 I=1,8
FMTA( L )=FMTALL(]L)
IF(l.0Tsb%d5U0 TO 33
FMTBlL)=FMTo (1)
33 CONTINLE
35 MIN=XMIN
MIN=MIN-L
MAX=xMAX
MAX=MAX+]1
IF(MAX-MIN.LT.4)G0 TU 36
PT{o6)==t.
PTL7)=10%xMIN
PT{8)=1.
Gu Tu 28
3¢ PTlo) =4,
PTL71=100%MIN
PT(8)=¢.
38 WRITE(€&yEMTA)
CALL PLOTMY(UXPLUT,,YPLOT KK,PT)
WRITE(E,FMTS )
LF(KOD Q2060 TO 48
IF(RIRLAL S) obw 0)GU TU 48

CoveeoPLUT SNURM *¥ SGMAEX ANU SGMATH VS THETAD

DU 43 J=l,yJMAX
XPLUT(J)=—ALUGLCISNORMXSLMAEX(J))
IF{XPLOTC(J} oL To XMIN) XMIN=XPLUT( J)
IFUXPLUT(J) e T XMAX) XMAX=XPLGT(J)
JJd=yg+JMAX
XPLUT({JIY=—ALUGLO(SGMATHI{J) )

43 CUNTINLE
DU 45 (=1,10
FMTA(TI=FMTAZ(])
IF(leule6)GU TU 45
FMTS( I )=FMTB2{(1)

45 LUNTINLE
nNUbL=2
GU TU 235

4& KETURN
END

$IBFTC AR N LUSTyDECK
SUsRUUTINE AKGN

CoenceoVARIASLE METKIC MINIMIZATIUN (MONITUR ADAPTATION)

CeseweaVAR fADLEY USED IN AKGUNNE StARCH PROLRAM

COMMUNZAON/CL( 12,100, DeLTA, E4 ELy
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FAC

FB,

FO,

Gal12),

GS»

GS By

24—0630

24-—0640
24—0650
26— 0660
240670
24— 0680
24——0690
24—0700
24——0710
24——0720
24—0730
24--0740
24—0750
24—0760
24--0770
24-—-0780
24—0790
24—0800
24—0810
24—-0820
24— 0830
24—0840
24—0850
24—0860
24— 0870
24—0880
24— 0890
24--0%00
24—0810
24-—-0920
24--0S30
24-—-0940
24—0550
24— 0960
24—-0S870
24— 0980
24—0690
24— 1000
24—1010
24——1020
24——1030
24—1040
24—1050
24— 1060
24— 1070
24--1080
24—1090
24——1100
24—-1110
24—1120
24—1130
24——1140
25--0C10
25—0020
25——0030
25—0040
25--0C50




1IG5Ps G&Sy LTPy GITy H{L2912) 9y IT, KSTEP,y LV, LS,

24y MLy MSy Ny NCs» NSy NSSwly NSSW2s Q9 RSy S(12)y SLe T(12)y TO,

3VA, VF, VFP, VLI(L2), VGP(L12),y VP, X(12)s XP(L1l2),s Z
CaveeasSLATLE PARAME TERS
LUMMUN/PARA/Z/RGy ROy Vy We Ay VS, WSy BGy DUMMY(4)y NAME(12)
CeoessAUXILIARY SEARCH VARIABLES
vdMMUN ZASV/0EL(L12)y 1D(L2Ys TINy KDLMAX, LABEL{13)y NHP, NMLR,
INPCTy NPLTP, PLT
Lesooolhl SYLARESy NURMALIZATICN CONSTANT, AND SIGMA REACTION
CUMMUN/Cou /Ll 25T,y LHIZPT, CHIZ2T, SUMS(16), CHIZ25(150),
ICHIZP(150)y LHIZ(L50), ENORMy SGMRTHSNURMSXNURM,NP, CSNRMy NCSN
UDIMENSIUN SER{12)
EQUIVALENCE (RGy SER)
UIMEN S iUN CHIWSILS)
tWUIVALENCE (CHIQS(1),CHL25T)
DU 7C5 I=1enN
J=loli)
168 XU 1)=SER(J)
1C1 MS=u
1CS WwRIIE (6,5)
L1l WRITE(E20INKSTEPJE VP JUELTA
ARLITE(E,7) NHPy NMLRy NPCT, P{T
7 FURMAT{OHUNHP =129y 95X o SHNMLR=12 45X 95 HNPLT=12 95Xy 4HPCT=F7 . 4)
CALL >SuUuUl
28€C IF (NC)Y L13, 113, 2801
2861 wRITE (6, 2013)
28€2 VU 2862 J=LkyenNC
2863 wRITE (64 20L4) (CLLyJ) sl =14N)
113 nRITE (6,4 8)
114 BU 115 I=1sN
115 WRITL (65 9)(H(15J)sd=1,N)
L7 CaLl FUNCN,VGUL)aVFaX{1))
M1=0
lLIN=1
118 LV = |}
1i8¢ 11=¢C
116 wRiTe (69 L4)ITHIMS,yVF
CALL >SOuT
12C wRITE (654}
L2CL IF (NC) 121912141202
12C2 DG 1208 Jl=1yNC
1203 CALL MATMPY(NsNsH(Lgl) oLLLdb)yT(L1))
1204 CALL MATMPY(LeNsTL1),C(Loedl),TU)
22C4 IF (M1-1) 1206, 1206, 1205
L2085 IF (T3-£) 1209y 12CY9, 1l2V6
1206 DU 1208 I=14N
12C7 DU 12CE J=1,N
L2608 H{lyJd)=H{ L, JI-T(L)*T(J)/TU
1206 CUNTINLE
121 CALL READY
122 LV = Lv
123 00 Tu (1354159513 7,126)4LYV
124 LV = 2
128 GU Tu 121

lee CALL AIM

le? LV = LV

128 GU Tu (12941354137),LV

125 CALL FIRE
LF{ML.GE.NMLRIGU TO 1395

130 LV = LV

131 6O TU {(135,132,126) LV

122 Lv = |

25--0060
25—-0070
25—0C80
25~—0090
25—0100
25--0110
25-—0120
25--0130
25— 0140
25~-0150
25--0160
25--0170
25——0180
25--0190
25-—0200
25--0210
25--0220
25--0230
25-—-0240
25—-0250
25--0260
25— 0270
25--0280
25— 0290
25-—-0300
25--0310
25--0320
25-—0330
25——0340
25--0350
25—-0360
25--0370
25--0380
25--0390
25-—0400
25—-0410
25—0420
25——0430
25--0440
25— 0450
250460
25--0470
25--0480
25--0490
25——-0500
25-—-0510
25--0520
25—0530
25-—-0540
25-—-0550
25— 0560
25--0570
25--0580
25— 0590
25--0600
25-—-0610
25—0620
25——-0630
25— 0640
250650
25— 0660
25-—-0670

817
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133 CALL UREod{v1l4al)
1235 LV = LV
134 6U Tu (124+156) 4LV

138 Lv = 2
13¢ U TU 133
137 LV = 3

138 U TO 133
159 LV = 4
l6i LU 10 133
136 IFINSSWl.LTLL)CALL SUUT
1295 WRLITE( €40}
DU 10S€ 1 =LleN
106€ wRITE(Ey9) (H{LsJddsJ=1,N)
CALL STUFF
l4C LV = LV
141 vu TO (LLl79142).LV
142 wRITE (€4 10)
142 AR1TE {6y11)
144 Du Llas I=1.N
145 WRITE (63 SI(H (L o) 9d=1yNi
14€ aklITE (69 13YUELTAVF 205
LALL SOuT
DU 148 wK=1,NLSN
148 (HIWS{KK) =CHIWQS{KK) /C SNKM
WRITE(E, 150 LSNKMy 12T, CHIZ2ST, CHIZ2PT
15 FURMAT(1HK, 13Xe20H5UM UF CHI_SQbARES /+5.0415X36HCHIZ2T=G13 .5,
15Xy THLHI2ST=513995X,7HLHLIZPT=01 3.5}
CALL SOUF
15C CALL FUNIN s VG(Ld s VFX(1D)
156 CONTINLE
RETUKN
2013 FURMAT(12HUCUNSTRAINTS)
2014 FUKMAT(3duU 1P8EL4.5)
4 FURMAT{(20H0- — = = — = — — — = ]
5 FURKMAT{29HOVARIABLE METRIC MINIMIZATION)

25--0680

6 FUKMAT(3HON=1244rn K=I2+4H E=1PEL14.5,4H P=El4.5,8H DELTA=E14.5125—1030

8 FURMAT(cHOH)
S FURMAT(IHULPBEL4«5/(1H08EL4.51))
10 FURMAT(L3HUFINAL VALUES)
11 FORMAT(13H0ERRUR MATRIX)
13 FUSRMAT(THODEL TA=1PEL4.5,4H F=E14.5,5H G(S=E14.5)
14 FUKMAT(4HCIT 14+s7H STEP l44+4H F=1PEl4.5)
END

$IBFTC SOUTT LUST,DECK
SUBROUTINE SUUIL
CoeoneSEARUH UDUTPUT UF PARAMETERS DERIVATIVES AND CHI SQUARES
CoeeeossVARIABLES USED IN ARGONNE SEARCH PROGRAM
CUMMUN /AGN/C(12+10)y DELTA, E» EL, FAC, FB, FO, GB(12)y GS» GSBy
16SPy GSSs GTP, GTT, H{1l2s12) s 1T, KSTEP, LV, LS,
2My M1, MSy Ny NCy» NSy NSShlys NSSW2, Qs RS, S{122, SL, T(12), TO,
3VA, VFy VFP, VG(L2)s VGP(12), VP, X(12),y XP(12), Z
CeseeelHI SQUARES, NORMALIZATION CONSTANT, AND SIGMA REACTION
LUMMON/CSQ/CHI25T, CHIZPT, CHIZ2T, SUMS(16}, CHIZ2S(150),
WLHIZP(150)y CHIZ2(150)y ENORMy SGMTH,SNORM,XNURMsNPyCSNRM, NCSN
CowoosAUXILIARY SEARCH VARIABLES
COMMUN Z/ASV/ZUEL{12) s ID(12) s 1INs» KDLMAX, LABEL(13), NHP, NMLR,
INPCT, NPCTP, PCT
DIMENSION CSID{(2)
DATA (CSID(1)41=1+2)/5HSIGMA,5H PGL /
Kub=1

25--0690
25—01700
25——-0710
25--0720
25--0730
25--0740
25--0150
25——-01760
25-—-017170
25-—0780
25— 0790
25—0800
25--0810
25——0820
25-—-0830
25—-0840
25——-0850
25--0860
25— 0870
25--0880
25--0890
25——-09%900
25--0910
25— 0920
25--0930
25-—0940
25--0950
25--0960
25—-0970
25--05980
25--0990
25—1000
25—1010
25—1020
25——1040
25—1050
25--1060
25--1070
25—1C80
25--1090
25——1100
26— 0010
26—0020
26— 0030
26——-0040
26— 0050
26-—-0060
26--0070
26—0080
26—0090
26—0100
26—0110
26—0120
26——0130
26— 014u
26—0150
26--0160
26—-0170




3

8
10

2C

30

Z3

43
5C

eC

45

IA=1

IB=MINCIN,9)
(€91C) (LABEL(I)s1=1A,IB)
FUKMAT(TX 3a24 8(9X,A5))
(€420} (X{L)ol=1A,1B)
FURMAT(3HJX=1P906L4.5)

WK iTE

WRLTE

IF{RUU sbd e 2)WRITE (64530)

FORMAT{3HJ6=1PGul4.5)
10 23

I+( B
1A=10
18=N

GU TO

eE N LU

g

[IF{KUD g l)bU Tu 53
5GMKTH’ \.H[ZT'

WRITE( €94C) £NORM,
40 FURMAT(unJ»oHENURM=613.595X3 L LHS IGMAR(THI=G13+5¢5X,6HCHIZ2I=G13.5,

(VG(1)I=1A,18)

CHIZST

L5As THUHIZST=6134545X, THCHILZPT=613.5)

ENTRY
vl Tu
wR1Te

SUUF

(474459430 yKULMAX

L €450}

v CHIZPT

FORMAT(IHY s 20Xy 4HSUMF 921X 3 4HSLMM 21 X 94 HSUMR)

AR LTE(Ey60) CSID(L)

FUKMAT(1AJAS, 360254 8)

AR ITECEy60) CSLul2),

Gu TU
wRITE

41
(€,7C)

(SUMS{KK) ¢ KK=9,513,2)

(SUMS(KK) yKK=10,14,2)

TC FURMATU LA g LaX o 4HSUML o LA X 94HSUMZ oL L Xy 4HSUM3 3 LEX s4HSUM4G s L1X
L4HSUMF 9 1L Xy 4HSUMMy L1 X 9 4H SUMR 4y LOXy5HSUM34)

$IBFT

Caseo

Leses

2CC
<C1
20«
203
204
205
2C¢
201

wR [Tel 6,8C) CSIv(Ll),

FURMAT(lAJAb, 8G1l5.5)

WRITEC(E,uC) LSIU(2),
T CunTl

RETUR
ENTRY
Kub=2
GO TO
END

C RtAvy

NLE
N
SuUUT

LUST 4DECK

SUBKUULTINE READY
(MONITUR AUAPTATION)

REAVY

«VAKLIABLEYS USED IN ARGUNNE SEARCH PROGRAM

CUMMUN JAGN/L(12410) s DELTA,
y GTT, H{Ll2,12)

1Gs5P,
My M1
3VA, v

INPLT,

GESy OTP
v M5, N,
F. VFP'

NPL' IP'

NC »

NSe NSShl,

Ve (L2)y VLP(12)
CoeneesAUXILIARY >EARLH VARLABLES
CUMMON ZASV/0DEL(L2)y ID(L2),

rPCT

DIMENSION FEX(12)

LV =
L0 T0
IT=1

LV

(200 4201) 4L V.

Es ELs FAC,

v IT,

KSTEP,

( SUMS (KK) ¢ KK=1 915 ,2)

{SUMS{KK) yKK=2,16,2)

FB, FO, GB(12),

LVe LS,

NoSW2e Gy RSy S(12)y SLe TU(

v VP

1IN,

x(12),

KDLMAX,

CALL MATMPY (N NyH(Ll,1)4VG(1),S(1))
DO 203 I=1,N
S(I)==-5(11

M=1

CALL MATMPY (MyNsS{L) V(L) +6S)
IF(GS+E)201,227,221
IFCITGT.NPCTP)GU

FEX(I

T)=VF

IFUIT EQ.NPCTP)IGO

GO Tu

e55

10 246

10 249

XP{L2), £

LABEL(13),

NHP,

GS+ GSB,

12)s TGO,

NMLR,

26— 0180
26—-0190
26—0200
26—0210
26—0220
26—0230
26——0240
26— 0250
26— 0260
26— 0270
26—0280
26— 0290
26— 0300
26—0310
26— 0320
26— 0330
26~-0340
26— 0350
260360
26— 0370
26— 0380
26-—0Q0390
26— 0400
26—-0410
26— 0420
26— 0430
26— 0440
26— 0450
26——0460
26— 0470
26— 0480
26~-0490
26— 0500
26——0510
26— 0520
26——0530
27--0010
27--0020
27T--0030
27—0040
27—0050
27--0060
27T-—0070
27--0080
27—0090
27—0100
27—0110
27—0120
27—0130
27--0140
27-—0150
27—0160
27T—0170
27—0180
27--0190
27—0200
27--0210
27-—0220
27—0230
2T—0240
27—0250

89



90

24€¢ FEXINPCT+2)=VF
U0 248 KK=L1,NPCTP

248 FEX(KKI=FEX(KK+1)

249 TEST=.Cl*PCT*VF
IF(FEX{L)-FEX(NPCTP).GT.TEST)IGO TO 255
WRITE( €y 2INPCT,PCT

2 FORMAT(33HJTHE CHANGE IN F DURING THE LAST 12,
125Hn ITERATIONS IS LESS THAN F7.4,9H PER CENT)
GO TO 227

255 TPl = —2.0%(VF/GS)

208 EL=AMINI1({ 2.0,TP1)

209 SL=-GS

210 DU 211 I=1,N

2L1 XPUi)=X(1}+EL*S(I)

213 CALL FUNUIN,VGP{L1) sVFP4XP (1))

214 M=1

215 CALL MATMPY (MyN,S(L),VGP{1),GSP)

216 IF{ULSP 21742250229

217 IF (VFP~VF) 21842294229

218 WRITE (6,1)

231 ¥B = VFP

232 DU 234 I=14N

233 Gull) = v6P(L)

234 T(L)=XP(I)

22C ITH(EL—240)221+223+223

<21 LV = 3

2¢2 RETURN

223 DELTA=2.0%DELTA

224 TO=1.0/5L

225 Lv = 2

22€ GO TU 222

221 LV =1

228 LU TO <22

229 LV = 4

230 GU Tu 222

1 FORMAT(1OHGUNDERSHUT)
END

$IBFTC AIM LUST+DECK
SUbRUUTINE AIM
CoeeoesAlM (MCNITUK ADAPTATION)
CoeeweesVARIABLES USDED IN ARUUNNE SEARCH PRUGRAM
CUMMON /AGN/C(12,10), DELTA, E4 EL, FAC, FBy FO,
16SPy 658y GTPy OTTy Hil2412) s 1Ty KSTEP, LVe LS,
2My, M1, M>, Ny NCs» NSy NSShl, NSSW2s G» RSy S(12)
3VA, VF, VFPy VG{l2)s VGPLL2) s VP, X{12), XP(12},
36C Z = USHGSP+3. 0% (VF-VFP) /EL
301 TO=65/2
TI=GSP /L
302 Q=5uKRT(1l.C-TO%*T1)
& = ABS(Q*Z)

VA = (GSP+4-Z1}/{GSP~b5+2. 0%Q)
303 TO = (EL¥(LSP+L+2.0%Q) *VA*%2) /3.0
304 FU = VFP-TU

305 CALL MATMPY (NeNoH(L,L1) oVGP (L) ,T(1))}
306 TP1=GsP/SL

307 DU 308 I=1yN

308 T(i)=—T{I)+TPL*5(1)

309 M=1

310 Cail MATMPY(MyNsT(L) 4VGP (1) ,GTP)

311 IF(2.0%TUu+GTP)317,431L24+312

312 TPl = l.0—-VA

GB(12)y GS, GSB,

s SLy T(12}e TO,
Z

27—0260

27T—0270
27—0280
27—0290
27—0300
27—0310
27—0320
27—0330
27—0340
27—0350
27—0360
27—0370
27—0380
27—0390
27--0400
27--0410
21—0420
27—0430
27— 0440
27— 0450
27--0460
21—04170
27--0480
27— 0490
27— 0500
27—0510
27—0520
27—0530
27— 0540
27--0550
270560
27—0570
27—0580
271—0590
27—0600
21—0610
27T—0620
28—0010
28--0020
28--0030
28— 0040
28--0050
28—0060
28-~-0070
28—0080
28--0090
28--0100
28—0110
28—0120
28--0130
28-—0140
28—-0150
28--0160
28—0170
28—~0180
28—-0190
28—0200
28—-0210
28—0220
28—-0230
28--0240



213 DO 3i4 I=1,N 28—0250

314 TLI) = vasX(1)+TPL*XP(]) 28—0260
315 LV =1 280270
21€ RETURN 28—0280
317 IF (VF4GTP/2.0) 312+318,318 28--0290
218 00 319 [=1+N 28--0300
218 TLL)=T(L)+XP (1) 28—0310
321 CALL FUNUNsGB(L)FB,TLL)) 28--0320
322 IF(FB=FU) 323,212,312 28——-0330
323 WRITE (6,1) 28—0340
324 VU 325 I=1,N 28——-0350
325 s{l)=T(I)—xP (1) 28—0360
32¢ M=] 28—0370
327 CALL MATMPY(MyN,SI{1),GB{L)GTT) 28-——0380
328 GTT=6GTT-GTP 28--0390
326 IF(GTT)335433C,330 28--0400
330 LSS=GTT 28-—-0410
3321 SL=06TP 28—0420
33z EL=1.0 28--0430
332 Lv = 2 28--0440
334 G0 TU :lo 28--0450
335Lv = 3 28--0460
336 LU TO Zlo 28--0470
1 FURMAT(9HCRICUCHET) 28--0480
END 28--0490
$IBFTC FIKE LOST,DECK 29--0010
SUBRUUTINE FIRE 29—0020
CewwssFIRE (MONITUR ADAPTATION) 29——0030
CeeeeeVARIABLES USED IN ARGUNNE SEARCH PROGRAM 29-——0040
COMMUN /ALUN/C({ 12910}y DELTA, Ey ELs» FACy FBy, FOU,y GB(12)y GS+ GSBsy 29-—0050
165¢, 5SSy GTP, GIT, H(12e12)y ITs KSTEP, LV, LS, 29-——0060
2My ML, MSy Ny NCe¢ NSy NSShl, NSSW2, Qs RS, S{12), SL, T(12), TO, 29—0070
3VA, VF, VFP, V6(L12)y VGP(12) s VPs X{(12)y XPI{12), Z 29——0080
401 CALL FCN(N+sGB(L)FBsT(1)) 29—0090
40z M=1 29--0100
IF(ABS(VA)—1.E-3C)410,4C3,403 29--0110

403 CALL MATMPY(MyNsS(1)+GB{(1l) 4GSB) 29—0120
404 TP1l= AMINLIVF,VFP) 29—0130
405 IF({TP Ll-Fu+E)418+406,406 29--0140
40€& TP1l=VA/(1.0-VA) 29——=0150
407 TPZ2 = (l.C-VA)/VA 29—0160
40€ TO=6S38*(TPL-TP2) 29--0170
4CS IF(ABS(TOI-Q)413+4104410 29—0180
41C 6S5S=2.0C%Q 29—0190
411 LV = 1 29— 0200
M1=Q 29—0210

412 RETURN 29—0220
413 GSS=TO+2. 0%Q 29——0230
414 DU 415 I=14N 29— 0240
415 VGUIY) = (GBLLI)-VGUI))*TPL+(VGP(I}-GB{L1))*TP2 29—0250
416 LV = 2 29——0260
M1=0 29--0270

417 GO TO <412 29—0280
418 IF (VF-VFP) 419,428,428 29--0290
419 WRITE (641) 29—0300
42C EL = (1-0—VA)*EL 29—0310
421 VFP = FbB 29— 0320
422 GSP=GSsB 29—0330
423 DO 425 I=1+N 290340
424 XP(1)=T(1) 29—0350

425 VGP(1) = GB(1) 29--0360



92

426 LV = 3
Mi=Mi+1
421 Gu 10 4l
42€ WRITE (642)
429 EL = EL*VA
43C VF = FB
431 GS=GSB
432 DO 434 I=1sN
433 X(I)=Td1)
434 VG(I1) = GB(I)
435 U TU 426
1 FORMAT(10HOMUVE LEFT)
2 FURMAT(L1HOMOVE RIGHT)
END

$IBFTIC URESS LOST,0DECK
SUBRULTINE DRESS(¥*)
CeoneesDREDS (MUNITUR AUAPTATILIUNI
CeceasVARIABLES USED IN ARGOUNNE SEARCH PROGRAM
LJMMUNIAUN/('(].Z”.O)' UtLTA' ko EL, FAC1 FB, FD' GB(].Z), GSr GSB'
LoSPy GSSy LIPy GTTy H{L2,12)y iTy KSTEP, LVse LS,
2My M1, MS. Ny NC, NS, NSBWL. NSShZ, Qo RSQ 5‘12" SL' T(lZl. TU'
3VA, VFy VFPy VGLLlZ2)y VGP(L2)y VP, X(1l2), XP(12), Z
CoeossecAuXIL IARY SEARLH VARIAGLES
CUMMUN 7/A>V/UELLL2) s TD(L2)y 1INy KDLMAX, LABEL(L13), NHP, NMLR,
INPCT, NPLTP, PLT
CooeseVARIASLES NEEDED FUR POPL
CUMMUN JUMAX, LMAX, THETA(T75)
Leeees VARIABLES NEEVDEU FUR AB
CUMMUN AK{T75), AL(T5),
BR{T5), BI{ID),
LR1I(bL), CR2(51), CILELL) s LE2(51),
EXSUMK(51)y EXSUMI(51),
FKAYy FCR{T5), FCI(T75)
LY = LV
GU TU (500,525¢519,51004LV
50C CALL MATMPY(N N,H{Ll,1)sVoll)sX(1))
5Cl M=1
502 CALL MATMPY(MyNyX({L)sVuolli),T0)
503 TP L=SL—-GSS*%x2/TUu-E
5C4 LF(TP1)524,5U5,505
505 DU 507 I=1,N
50€&€ VU 507 J=14N
507 RHUIsd)=RH{1,d)-X{L)*X(J)/TC
508 VELTA=LEL TAX(EL*GOS/TUI
5¢9 TU=tL/GS>
51C DU 512 I=1yN
511 VU 512 J=1,yN
512 H{T+J h=H{T,d)+TUxS{1)*5(J)
516 VF = 4
52C DU 522 1=1,N
521 voll) = GB(li)
22 XUi)=T(1}
513 WRITE (6y LIITeMSyVF 95 S
[IF(NSSnleLTol)IGU TU 517
516 WRITE (69 3)0ELTA
CALL SOuUT
IFC LIN GNE .NHP)GU TU 517
56C [IN=0
WRITELE,T)
VU 534 I=1,N
£34 WRITELE48) (HULsJd)yd=19N)

SN e

29—0370

29—0380
29—0390
29—0400
29—0410
29—0420
29—0430
29--0440
29——0450
29— 0460
29--0470
29—0480
29—0490
29— 0500
30—0010
30-——-0020
30--0030
30--0040
30--0050
30--0060
30—0070
30——-0080
30—0090
30--0100
30--0110
30—0120
30—0130
30--0140
30—0150
30— 0160
30—-0170
30—0180
30—0190
30--0200
30-—-0210
30——0220
30— 0230
30—0240
30--0250
30--0260
30--0270
30--0280
30-—0290
30—0300
30--0310
30--0320
30--0330
30— 0340
30—-0350
30--0360
30--0370
30—-0380
30--0390
30--0400
30—0410
30--0420
30— 0430
30— 0440
30--0450
30—0460
30—047C



517 WRITE (644)
CALL POTLICH($585)
518 IT=1T+1
ITIN=IIN+1
5185 Lv =1
§23 RETURN
524 WRITE (6y5)
525 TPL=EL*E& /GSS
526 DELTA=DEL TA*TP1
527 TO={TPIl-1.00/5L
528 60U TO £10
585 RETURN 1

FORMAT(THODEL TA=LPE14.5)
FORMAT(20HO- = = = -~ = — = — - )
‘FORMAT(9HOCOL INEAR)
FORMAT(13HOERROR MATRIX)
FORMAT(1HOiIPBE14.5/{1H0BEL14.5))
END

M ad N W e

» IBFTC STUFF LUST ,DECK
SUBROUTINE STUFF
CeoeoeaSTUFFIMUNITUOR AUDAPTATION)
Loeeee s VARIASBLES UMED IN ARGUNNE SEARCH PRUGRAM
COMMON /AUN/C{124+410), DELTAy E» EL, FACy, FB, FO,
1GSP sy G&Sy GTPy GTT, H(Ll2,12)y 1T, KSTEP, LV, LS,
2My Mly MS, Ny NCy» NSy NSSuls NSSW2y Qs RS, S(12)
3VA, VFs VEP, VGLL2)y VGP(UL2) sy VPy X{12)s XP{12),»
6CC KSTEP=K>TEP-1
601 IF(KSTEP)IGLT,602,602
602 M5=MS5+]
€2C WRITE (69 LIMS,DELTALGS
€03 DU 604 I=1,N
CALL RANULI(Y)
604 T{l)=Y-.5
605 CALL MATMPY{N N »H{Ls1),T(1l),5(1))
6C6 M=1
607 CALL MATMPY(MyN,S{L),T(1),TPL)
608 TP L=5JRT(TPL)
€¢CS EL = vwP/TPL
610 DO 611 [=1sN
611 X{i)=X(L)+eL®>{])
€l4 LV = 1
€le RETURN
6l7 LV = 2
€18 M5=0
619 LU T0 ¢€lo
1 FURMAT(13HORANDOM STEP 14,8H DELTA=1PEL4.5,5H
END

$IBFTC MATMPY LUST,DELK
SUBRUUTINE MATMPY{M N HyVGS)
CeenasMATRIX MULTIPLICATION (MUNITOR ACAPTATIUN)

FORMATUAHCIT I1447H STEP I4,4H F=1PEl4.5,5H GS=El4.5)

GB(12)s GS,

+ SLy T(12),
A

65=El4.5)

GS By

T0,

30— 0480
30—0490
30--0500
30--0510
30—0520
30--0530
30—0540
30—0550
30— 0560
30—0570
30—0580
30—0590
30—0600
30—0610
30—0620
30—0630
30—0640
30—0650
30—0660
31--0010
31-—-0020
31--0030
31— 0040
31—0050
31—0060
31—0070
31—0080
31—0090
31--0100
31——0110
31—0120
31——0130
31—0140
31--0150
31—0160
31--0170
31--0180
31--0190
31--0200
31--0210
31—-0220
31--0230
31-——0240
31—0250
31—0260
31—0270
31-—-0280
31--0290
32—0010
32—-0020
32——-0030
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LoeeassVARIABLES USEL LN ARGONNE SEARCH PRGGRAM

CUMMUNZAGN/CI12410)y VELTA, Ey ELy FAC, FBy FO, GB{12),s GS, GSBo
165Py 5SSy GTP, LTT, H{Ll2,12) 1T, KSTEP, LV, LS,
2My MLy M3y Ny NCs NSy NSSWls NSSW2s Ww RSy S(12)s SLs T(12), TO,
3VAy VFs VEP,s VGILL2)s VuP(12)y VPy X(12)s XP(12)y Z

702 DU 703 [=1M

1CC 5(1)=0.0
DO 703 J=1,N

163 S{id=nid, Lixve(J)+SLL)

1C4 RETURN
END

BIBFTL FUN LUST,UECK
SUBROUTINE FUNIUNy VU9 VF 4 X)
CeeseeVARIABLES USED IN ARGONNE SEARCH PRUGRAM
COMMUN FAGNZC{ L2440y DELTA, ko ELy FAC, Fby FU, GBL12), GS,s GSB,
LoSPy GSSy, OTP,y GTTy HE{L2912) s 1Ty KSTEP,s LVy LS,
2My MLy MS, Ny NCs NSy NSSWL,s NSSW2s wse RSy S{12)y SL, T(1l2)s TO,
3VA, VF, VFP, VG{(12), VGP(12)y VP, X{12}),s XP(1l2), 2
LeesesAUAILTARY SEARCH VARIABLES
LUMMUNZASV/0ELT12) s ID(L2)y IIN, KDLMAX, LASBEL(L13), NHP, NMLR,
INPCTy NPLTP, PCT
LeoeesSCATLE PARAMETEHRS
CGMMUN/PARA/RGy ROy Vs Wy Ay VS, WS, BG, DUMMY(4), NAME(12)
LeseeselHI SQUARESy NURMALIZATIUN CGNSTANT, AND SIGMA REACTION
LUMMUN /L 5Q/LH12ST, CHIZPT, CHIZ2Ts SUMS(16), CHIZS(150),
ICHIZP(150), LHIZ2(150) sy ENORMy SGMRTH,SNORMXNORM,;NP,CS NRMy NCSN
LasceoeeSLATLE CUNTRULS
CUMMUN/ZUNTR/ZKULT,y KSENDs KTRL{L13), KTRLT(13), KTRLX(13)
Lesse OTHEK SCATLE VARIABLES
COMMUN /ML SC/ECM, ETA, ETAZ2, FKAY, FKAYA, FKAYB8, RHOBC, RHOBN,
IRHUBNGy SIUMAOy SIGMAL, TEMP
DIMENSION SER(1Z)
EWUIVALENCE {(RGySER)
DIMENSION CHiIQS(L9), LHIQST(19)
EQUIVALENCE (CHIQS(1)},CHIZ2ST)
Ceeeose l ALCULATE FUNCTIUON ANU PARTIAL DERIVATIVES TQO BE USED BY SEARCH
XX=0.
IND = KTRLX{(4)
DU 802 I=14N
J=ID( 1)
80z SER(JI=X(1])
KObE = 1
DO 816 I=1,N
J=ID(1)
IF{ TenNELL)GU TO 813
811 CONTINUE
RHUBN=TEMP*R O
RHUBNG = TEMP*RG
FKAYA=FKAY*A
FKAYB =FKA Y¥BG
CALL PGEN4
CALL INTCTR{$825)
CALL CSuBL
CALL AB
CALL SGSGCP
CALL SIGMAR
CALL CHI>Q
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32--0040

32—0050
32--0060
32-—0070
32——0080
32—0090
32--0100
32—0110
32—0120
32—0130
32--0140
33--0010
33—0020
33—0030
33—0040
33—-0050
33—-0060
33——0070
33—0080
33—0090
33—-0100
33—-0110
33—-0120
33—0130
33—0140
33—0150
33--0160
33—0170
33—0180
33—0190
33—-0200
33——-0210
33—0220
33—0230
33—0240
33—0250
33--0260
33--0270
33--0280
33--0290
33—-0300
33—0310
33—-0320
33--0330
33——0340
33--0350
33—0360
33—40370
33—0380
33—0390
33— 0400
33—0410
33——0420
33—0430
33—-0440
33—0450
33—0460



IF(KTRLX( 12) e EQ« LI XX=CHIQS({IND+1) 33——0470

IF{KOUE.EWR.2)60 TU 815 33——0480
VF=CLHIQS{IND) +XX 33—0490

DU 812 K=1,19 330500

812 CHIQST(K)=CHIQSIK) 33—-0510
ENRMT=ENORM 33—0520
SGMT=5CMR TH 33— 0530
KUDE = 2 33—0540

813 SER(J)=SER(JII+DEL(I) 33—0550
GG 10 €11 33—0560

815 VG{I) = (CHIQSUIND)+XX~VF)/DELLI) 33—0570
SER{J ) = SER{JI-VEL(L) 33--0580

816 CUNTINLE 33--0590
DO 818 K=1419 33—0600

€18 CHIQS{K)I=LHIWSTI(K) 33—-0610
ENURM=ENRMT 33—-0620
SGMRTH=S6MT 33--0630
RETURN 33--0640

825 WRITE(6+4830) 33—0650
83C FURMAT(62HK NUNSTANDARD RETURN FROM INTCYR IN FCNy, EXECUTION TERM33--0660
1INATED) 33——-0670
STOP 33--0680

END 33—-—-0690

$ IBFTC SCTBO LOST+DECK 34—0C10
BLJCK DATA 34--0020
CeoaaaSLATLE PARAME TERS 34—0030
CUMMON /PARA/RIy RSy VUs Wly ASy VSse WS, Al, WVI, AD, RO, VS0DD, 34—0040
INAME( 1 2) 34—0050
CeeoesCUNVERGENLE CRITERIA 34—0060
CUMMUN/CUNV/EPSL, EPS2, EPS3, EPS4 34—0070
DATA(NAME (1231 =1s12) F/2HRE 32HR Sy 2HVU»2HWI  2HAS y 2HVS 4 2HW S 4 2HAL, 34—0080
13HWVI 9 cHAU» 2HRO » SHVSOUD / 34— 0090
DATA EPSLl4EPS2,EPS3,EPS4 /3%.000Cl, 001/ 34-—0100

END 34--0110

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 29, 1970,
129-02.
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APPENDIX A

SYMBOLS
diffuseness parameter in il
nuclear potential (eq. (15)), IN1. IN2
3
fm IN3, IN4}
diffuseness parameter in J
nuclear potential (eq. (12)), 'max
fm )
diffuseness parameter in
nuclear potential (eq. (7)), k
fm
spin-independent scattering k
amplitude (eq. (22a)) L
diffuseness parameter in
nuclear potential, fm l
spin-dependent scattering
amplitude (eq. (22b)) Yim
coefficients used to compute Mw
scattering amplitudes m
b
(eq. (21))
my
velocity of light, m/sec
energy in center-of-mass N
system, MeV
electron charge, C NF
coulomb scattering amplitude NR
(eq. (23))
Ng
chi-square function to be
minimized by search
jth component of gradient of
fxz (eq. (50)) N1,N2,
N3, N4
matrix used as metric in _
n

search parameter space

Planck constant, MeV-sec

number of angles in ranges 1
through 4 (eq. (41))

last angle in data set

total angular momentum
quantum number

wave number in center-of-
mass system, fm'1
wave vector, fm 1

orbital angular momentum
operator

orbital angular momentum
quantum number

see eq. (44)
mass of pion, kg
mass of target nucleus, amu

mass of incident nucleus,
amu

normalization constant for
a®%(6) (eq. (35))

last forward angle

last middle angle

normalization constant for
0°*(6) which gives smallest
xz for a given oth(e)
(eq. (36))

first angle of ranges 1 through
4 (eq. (41))

unit normal vector



P(6)

P(9)

AP%(9)

Pl(cos )

Pll(cos 6)

R
R'
RC

RO

w2l

TCI
TCR
TSI
TSR

vO

polarization at angle 0
(eq. (27))
polarization vector
uncertainty in experimental
polarization at angle 6
Legendre polynomial
associated Legendre poly-
nomial
rotation parameter (eq. (28))
rotation parameter (eq. (29))

coulomb charge radius param-
eter

radius parameter in nuclear
potential (eq. (15)), fm

radius parameter in nuclear
potential (eq. (12)), fm

radius parameter in nuclear
potential (eq. (7)), fm

radial coordinate, fm

spin angular momentum
operator

orbital angular momentum
number (eqs. (48a) and
(48b))

see eq. (45b)
see eq. (45a)
see eq. (49Db)
see eq. (49a)
scattering potential, MeV

strength parameter for real
central nuclear potential,
MeV

Vs

VSODD

EFF

v,(2)
Vz(r)

Wi

WS

VA2

AX.
)

Z'

61, 62,
€37 €4

strength parameter for real
spin-orbit nuclear potential,
MeV

strength parameter for real
spin-orbit nuclear potential,
for odd values of I, MeV

dimensionless effective
potential for given [

(eq. (43))
spin-independent potential
(eq. (2)), MeV
spin-dependent potential
(eq. (2)), MeV

strength parameter for
imaginary central nuclear
potential, MeV

strength parameter for
imaginary spin-orbit
nuclear potential, MeV

strength parameter for
imaginary central nuclear
potential, MeV

current values of jth search
parameter

increment for Xj in eq. (50)

dimensionless charge number
of incident nucleus

dimensionless charge number
of target nucleus

rotation angle (eqs. (25a) and
(25b)), deg

phase shifts (eq. (21))

convergence parameters
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Subscripts:
CN

coul

F

I
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coulomb parameter (eq. (5))

absorption coefficients
(egs. (20a) and (20b))

angular coordinate in center-
of-mass system, deg

reduced mass, amu

dimensionless radial coor-
dinate (eq. (3))

elastic cross section at

angle 6, fm2

coulomb phase shift (eq. (24))
coulomb phase shift for 7=0
uncertainty in experimental

cross section at angle 0,
fm

sum of chi-squares for a
range of angles

chi-square at angle 0

wave function representing
scattering particle

central nuclear
coulomb
forward angles (eq. (38))

corresponds to input param-
eters AI and RI

imaginary part of complex
number

index denoting jth
eter, 1, . . ., n

param -

index denoting particular
x2 function (eq. (41)),
1, ..., 4

LAB value as measured in lab-
oratory system

l orbital angular momentum

M middle angles (eq. (39))

max maximum

n number of search parameters

O corresponds to input param -
eters AO and RO

P polarization

R backward angles (eq. (40))

® real part of complex number

S corresponds to input param-
eters AS and RS

SO spin-orbit

T total (polarization + cross
section)

o cross section

0 incident

1 after single scattering

2 after double scattering

Superscripts:

ex experimental values

th theoretical or calculated
values

+ total angular momentum,

j=l+1/2

total angular momentum,
j=1-1/2



brackets.

APPENDIX B

GLOSSARY OF FORTRAN VARIABLES

The FORTRAN variables listed here are those appearing in the COMMON statements

FORTRAN symbol

AETA1(L), AETA2(L)

Al [BG]

AO, [DUMMY(2)]

AR(Y), AIQ)), [AAI(J)]

43, [A]

BR(J), BI(J)

C(X, M)

CHI2(J)

CHI2T, [CHISQ(3)]

CHI2P(J)

CHI2PT, [CHISQ(2)]

CHI2S(J)

CHI2ST, [CHISQ(1)]

CRI1(L), CI1(L)

CR2(L), CI2(L)

Dimension

51

150

150

(12, 10)

150

150

150

51

51

COMMON Mathematical
block symbol
PTPL 0y, my
PARA ay
PARA ag
SACS Ag(6), A(6)
PARA ag
SACS B (6), BO)
AGN

2
CsQ xp(®)
csQ K2,
2
csQ X5(6)
csQ %
2
csQ ()
csQ el
+ +
VARL G 1,
VARL Cia Ci,

of program SCATLE. Some of the FORTRAN variables in COMMON block /AGN/ are
omitted, since they are internal to the search subroutines of reference 2. When two or
more FORTRAN names refer to the same variable, the alternate names are enclosed in
Some of the mathematical symbols listed do not appear in appendix A. Those
symbols correspond to symbols in references 1 and 2, and are defined in the last column.

Description

absorption coefficients
(egs. (20a) and (20b))

diffuseness parameter for
Gaussian absorption (eqs. (14),
(16), (17), (18))

diffuseness parameter for de-
coupled potential (eq. (11))

spin-independent scattering
amplitude at angle 6 (eq. (22a))

diffuseness parameter,
(egs. (10) and (13))

spin-dependent scattering am-
plitude at angle 8 (eq. (22b))

constraint coefficients for
search procedure

total chi-square at angle 4

total chi-square summed over

I nax angles (eq. (34))

chi-square for polarization at
angle 9 (eq. (33))

chi-square for polarization
summed over Jmax angles
(eq. (33))

chi-square for cross section at
angle 6 (eqs. (35) and (37))

chi-square for cross section
summed over Jmax angles
(eq. (35))

see eqs. (21), (22a), and (22b)

see eqs. (21), (22a), and (22b)
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FORTRAN symbol
CSNRM
DAI, DAO, DAS, DRI, DRO, DRS,
DVO, DVS, DVSODD, DWI, DWS,
DWVI1

DEL(K)

DELR1(L). DELR2(L)

DELTA

DPOLEX(J)

DRHO(I)

DRHOL

DRHOIN(K)

DSGMEX(J)

ECM

EPS1, EPS2, EPS3

EPs4

ELAB

ENORM

ETA, ETA2

EXSGMR(L), EXSGMI(L)

100

Dimension

12

51

150

249

150

51

COMMON
block

csQ

GDV

PTPL

AGN

THI

RHU

THI

AGN

MISC

CONV

CONV

EMCV

CsQ

MisC

VARL

Mathematical
symbol

+ -
e Ym

APX(g)

ap

Ac%%(9)

€1y 62, €3

€4

Description

JMAX - NP

parameter increments
used for grid procedure
(table IV)

increment for search
parameter %5 (eq. (50))

see eq. (21)

determinant of H-matrix
used in search procedure

standard deviation in ex-
perimental polarization at
angle 6 (eq. (33))

numerical integration step
for I~ integration interval

last interval to be used in
numerical integration

numerical integration step
size for all DRHO(I), where
RHOIN(K) < RHO(I) =
RHOIN(K+1)

standard deviation in ex-
perimental cross section at
angle 6 (eq. (35))

twice the fractional accuracy

to which f 9 is to be mini-
X

mized

incident energy in center-

of-mass system

error thresholds in calcula-
tions of coulomb functions

error threshold used in
POT1CH subroutine

energy of incident particle
in laboratory system

normalization constant
{eq. (36))

coulomb parameter (eq. (5))

real and imaginary parts of
exp(2ial)



FORTRAN symbol

F(L)

FAC

FBAR(L)

FCR(J), FCI(J)

FFCI(I), FFCIM(I)

FFCR(I), FFCRM(I)

FFSI(1), FFSIM(I)

FFSR(I), FFSRM(I)

FKAY

FKAYA

FKAYB

FMB

FLPT
FMI

FMU

FP(L)

G(L)

GP(L)

H(K, M)

Dimension

52

91

150

250

250

250

250

51

52

51

(12,12)

COMMON

block

VARL

AGN

VARL

SACS

PGF

PGF

PGF

PGF

MISC

MISC

MISC

EMCV

PGU

EMCV

EMCV

VARL

VARL

VARL

AGN

Mathematical
symbol

)

an)

fc’m(e), fc,j(e)

A,
£or®), fCI(p + _22>

N
fer®): fca(" + 3‘)
AP
st(p)’ fSI(p + —;)

ap
tsrlP), fSRG’ * “2")

k

© ag
k-a.I

my,

Description

regular coulomb function

factor which controls the
form of the initial H-
matrix for a search
(table III)

nth trial value of regular

coulomb function used in
iterative computation of F

coulomb scattering am-
plitude (eq. (23))

form factors for the
imaginary central po-
tential

form factors for real
central potential

form factors for imaginary
spin-orbit potential

form factors for real
spin-orbit potential

wave number (eq. (4))

wave number times
diffuseness constant

wave number times
diffuseness constant

mass number of target
nucleus

value of 7 in eq. (43)

mass number of incident nucleus

reduced mass of incident
particle

derivative of regular
coulomb function

irregular coulomb func-
tion

derivative of irregular
coulomb function

element of matrix used as
a metric during search pro-
cedure
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FORT RAN symbol

ID(K)

IFIRST

ILAST

JMAX

KDLMAX

KL(K), [KTRL(K)]

KOUT

KSEND

KSTEP

KT(K), [KTRLT(K)]
KX(K), [KTRLX(K)]
L

LABEL(K)

LMAX

LMAXM

NADL

102

Dimension

12

13

13

13

13

COMMON
block

AsSV

RHT

THI

CNTR

CNTR

CNTR

AGN

CNTR
CNTR

RWF

LIND

LIND

AGN

PCH

Mathematical
symbol

max

1+1

Description

internal control used for
initializing search param-
eter array

initial value of index I re-
ferring to RHO(I)

internal counter used to
regulate printout of H-
matrix

final value of index I re-
ferring to RHO(I)

total number of angles
(IMAX = 150)

internal control used to
initiate calculation of re-
stricted xz functions as
given in eqs. (38) through
(42)

input controls (table III)

internal control used to
select proper output mode

KSEND set to KT (1), see
description of KT(1) in
table I

number of random changes
in variables to test minimum
after a search

input controls (table I}
input controls (table IH)
index of partial waves

array containing search
parameter labels

index of maximum partial
wave

maximum number of partial
waves

number of search parameters

internal control which is in-
creased by 1 each time lmax
is increased in POT1CH



FORTRAN symbol Dimension COMMON Mathematical Description

block symbol

NADR PCH internal control which is
increased by 1 each time
Prax is increased in
POTI1CH

NAI, NAO, NAS, NRI, NRO, NRS, GDV number of increments used

NVO, NVS, NVSODD, NWI, NWS, for parameters in grid

NWVI (table IV)

NAME(K) 12 PARA array of output labels for
nuclear potential param-
eters

NC AGN number of constraints on
search parameters

NCSN CcsQ number of values to be
divided by CSNRM

NHP AsSV H-matrix is printed out
every NHP iterations during
a search

NMAX RHU number of RHOIN(I) values
to be input

NMLR ASV search is cut off after NMLR
move left or move right
output messages

NP CSQ chi-square adjustment factor

NPCT ASV search is terminated after
NPCT iterations with less
than PCT percent change

NPCTP ASV not used

NSSW1 AGN input variable which controls
search output (table III)

NTOT PCH NTOT = NADL + NADR

NUMRUN PTI index identifying cases of
a data set

PCT ASV search will terminate after
NPCT iterations with less
than PCT percent change

PmAa PmB
PMA, PMB SCNFF _ = parameters for knee and tail
Pg Pg variations (eqs. (86) and (87)

of ref. 1)
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FORTRAN symbol Dimension COMMON Mathematical Description

block symbol

POLEX(J) 150 THI PH(0) experimental value of
polarization for angle 4

POLTH(J) 150 THI pth(g) calculated value of
polarization for angle 4

RC EMCV uniform charge radius
constant used to compute
P eoul

RHO(D) 250 RHT p value of p at ' in-
tegration interval

RHOBC MISC pcoul value of p at which
uniform charge density ends,

~ 1

pcoul =k . RC (mb)

RHOBN MISC Pg value of P corresponding
to RS (eq. (7))

RHOBNG MISC pI value of ¢ corresponding
to RI (eq. (15))

RHOIN(K) 10 RHU values of p for which in-
tegration interval changes

RHOMAX RHT Prax value of p for last in-
tegration interval

RI, [RG] PARA RI Gaussian radius constant
{eq. (15))

RO, [DUMMY(3}] PARA RO radius constant for de-
coupled potential (eq. (12))

RS, [RO] PARA RS radius constant {eq. (7))

SGMAC(J) 150 SACS GCOUI(G) = |fc(6) | 2 coulomb scattering cross
section for angle @

SGMAEX(J) 150 THI () experimental value of
cross section for angle 8

SGMATH(J) 150 THI oth(e) calculated value of cross
section for angle 6

SGMRTH csQ 'R calculated value of re-
action cross section

SIGMAO, SIGMAl MISC 9y 94 coulomb phase shifts
(eq. (24))

SIGTEM(J) 150 SACS internal temporary

storage for weight
factors in computing
x2(9) (eas. (35) and
(37)
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FORTRAN symbol

SNORM

SRATIO(J) 150

SUMS(K) 16

SUM1S, [SUMS(1)], [CHISQ(4)]
SUMLP, [SUMS(2)], [CHISQ(5)]

SUM2S, [SUMS(3)], [CHISQ(6) ]

SUM2P, [SUMS(4)], [CHISQ(T)]
SUM3S, [SUMS(5)], [CHISQ(8)]
SUM3P, [SUMS(6)], [CHISQ(9) ]
SUM4S, [SUMS(7)], [ CHISQ(10) ]
SUM4P, [SUMS(8)], [CHISQ(11)]
SUMFS, [SUMS(9)], [CHISQ(12)]
SUMFP, [SUMS(10)], [CHISQ(13)]
SUMMS, [SUMS(11)], [CHISQ(14) ]
SUMMP, [SUMS(12)], [CHISQ(15)]
SUMRS, [SUMS(13)], [CHISQ(16)]
SUMRP, [SUMS(14)], [CHISQ(17)]
SUM34S, [SUMS(15)], [CHISQ(18)]
SUM34P, [SUMS(16)], [CHISQ(19)]

TEMP

TH(K) 2

THETA(J) 150

THETAD(J) 150

- N

Dimension

COMMON Mathematical
block symbol
csQ N
SACS o®6)/5,1(0)
csQ
csQ xg, X

2
CsQ Xp, 1
2
csQ Xo, 9
2
csQ Xp, 2
2
CSQ xo’ 3
2
csQ Xp, 3
csQ e
.4
csQ x%,, 4
2
csQ X5 ¥
2
csQ Xp, F
csQ xﬁ, M
2
CsQ XP, M
2
CsQ X0, R
csQ x%’ R
2
csQ %o, 34
csQ X%, 34
MISC k(mb)l/ 3
SCNFF hoa» Nop
THI 9
THI 6

Description

normalization constant for
experimental cross sec-
tion (eq. (35))

ratio of scattering cross
section to coulomb cross
section for angle 6

xz for a restricted range
of angles (see next 16
variables }

see eq. (41a)
see eq. (41b)

see eq. (41a)

see eq. (41b)
see eq. (41a)
see eq. (41b)
see eq. (41a)
see eq. (41b)
see eq. (38a)
see eq. (38b)
see eq. (39a)
see eq. (39b)
see eq. (40a)
see eq. (40b)
see eq. (42a)
see eq. (42b)

auxiliary constant used
in calculating various p
values (eq. (7))

parameters for knee
and tail variations
(eq. (88) of ref. 1)

center-of-mass scatter-
ing angle in radians

center-of-mass scatter-
ing angle in degrees
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FORT RAN symbol
TITLE(K)
TNL(K)
TN2(K)
TAl, TAO, TAS, TRI, TRO, TRS,

TVO, TVS, TVSODD, TWI, TWS,
TWVI

TRM(K)

UCIB(I), UCIM(I)

UCRB(I), UCRM(I)

USRB(I), USRM(I)

USIB(I), USIM(I)

vo, [V]

vP

V&

VSODD, [DUMMY (4} ]

wI, [W]

WS

WVI, [DUMMY(1)]

XNORM

106

Dimension

13

250

250

250

250

COMMON Mathematical
block symbol
PTI
SCNFF nA,, nB,
SCNFF nA,, nB,
GDV
SCNFF Par PmB
PGU U g, UCI(P + .A_2‘1>
PGU Ueg®), UCR(P + A_zp)
PGU Ugr(®), USR(P + A_zp>
PGU Ugy(0), USIG + %ﬂ)
PARA VO
AGN
PARA Vs
PARA VSODD
PARA Wi
PARA WS
PARA WVI
csQ N

Description

title information (78 char-
acters)

parameters for knee and
tail variations

(eq. (90) of ref. 1)

storage for initial param-
eter values during grid

parameters for knee and
tail variations (eqs. (86)
and (87) of ref. 1)

l-independent part of
imaginary central potential

l-independent part of real
central potential

l-independent part of real
spin-orbit potential

l-independent part of
imaginary spin-orbit
potential

depth of real central po-
tential

input number to determine
size of random step taken
at end of search (see card
31--0220.)

depth of real spin-orbit
potential

real spin-orbit strength for
odd ! in exchange option

depth of imaginary central
potential

depth of imaginary spin-
orbit potential

depth of imaginary central
potential

input value of normalization
constant (eq. (35))



FORTRAN symbol

XC1, XCP1

XD1, XDP1

YC1, YCP1

YD1, YDP1

X1(L), X1P(L)

X2(L)., X2P(L)

Y1(L), YIP(L)

Y2(L), Y2P(L)

ZZ

Dimension

51

51

51

51

COMMON
block

RWF

RWF

RWF

RWF

RWFF

RWFF

RWFF

RWFF

EMCV

Mathematical
symbol

x7(0), %3(0)

x; (), x;(P)

v;), ¥ )

y; ), ¥;0)
Xy P max) X300
X, (P rax) %P hax)
V3P Y700
V70 mas) 77 mas)

77’

Description

real parts of radial wave
function and first deriv-
ative for 1+ 1/2

as above for real part,
1-1/2

as above for imaginary
part, 1+ 1/2

as above for imaginary
part, I+ 1/2

value of XC1 and XCP1 at
end of numerical integration

value of XD1 and XDP1 at
end of numerical integration

value of YC1 and YCP1 at
end of numerical integration

value of YD1 and YDP1 at
end of numerical integration

product of atomic numbers
of target and incident nuclei
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